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SOME FACTORS INFLUENCING THE CRYSTALLIZATION 
OF LACTOSE IN ICE CREAM 


RANDALL WHITAKER 
Research Laboratories of National Dairy Products Corporation, Inc., 
Baltimore, Maryland 


The crystallization of lactose in ice cream is of interest as the defect 
known as sand is caused by the presence of lactose crystals of sufficient size 
that they can be detected by the tongue on the roof of the mouth. This 
was first shown in 1920 and 1921 by Bothell (1) and Zoller and Williams 
(2). Following these early papers many publications have appeared on 
the subject of sandy ice cream, the conditions which promote this defect and 
suggested methods of avoiding sand. The physical chemistry of lactose 
crystallization has also been studied fairly thoroughly. Prior to discussing 
any experimental work, it seems advisable to review the known facts and 
theories regarding the crystallization of lactose in ice cream. 

Ice cream mix is usually aged at 1.6° to 4.4° C. (about 35-40° F.) and 
it is at this temperature that most ice cream enters the freezer. Rahn and 
Sharp (9) state that a saturated lactose solution will contain about 11 per 
cent lactose at*this temperature, hence in all ice cream mixes of average 
composition the lactose will be in solution, as the concentration of lactose 
in unfrozen mix very rarely exceeds 11 per cent. It sometimes happens 
that lactose is crystallized in one or more of the ingredients used in the 
manufacture of ice cream but the pasteurization process assures complete 
solution of all the lactose in ice cream mix. 


Condition of Lactose in Ice Cream Mix During the Freezing 
and Hardening Process 

During the freezing process while the ice cream mix is being slushed and 
air is being incorporated, part of the water is frozen into ice. Since nothing 
but water goes to form ice it follows that the unfrozen solution containing 
the water soluble constituents, such as sucrose, lactose, the salts, gelatin 
and the like, is concentrated in proportion to the amount of ice which is 
formed. Table 1 gives data concerning the amount of ice which separates 
at various temperatures in three mixes of varying composition. This was 
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ealeulated from the work of Leighton (10). Rahn and Sharp (9) inter- 
polated and extrapolated the data by Hudson (5) regarding the final solu- 
bility of lactose at various temperatures. When a concentration of 11.9 
parts of lactose in 100 parts of water is obtained at 0° C. (32° F.), the 
solution is saturated to lactose. It will be seen from table 1 that the lactose 
in the unfrozen water in ice cream mix in the freezer reaches and actually 
exceeds the saturation point. The concentration increases with decrease in 
temperature, so that in ice cream at cabinet and hardening room tempera- 
tures the lactose is in a highly supersaturated condition. It is evident that 
there are forces working to prevent the lactose from crystallizing in ice 
cream and that these forces are sufficiently potent to delay crystal forma- 
tion despite the high supersaturated condition of lactose in commercial 
ice cream. 

In order to understand why the lactose does not crystallize as soon as 
ice cream is frozen, a discussion of some of the physical and chemical prop- 
erties of supersaturated lactose solutions seems in order at this time. The 
discussion will be extended as necessary to include conditions as found in 
ice cream. 


Properties of Supersaturated Lactose Solutions 

Leighton and Peters (11) first pointed out the significance of the prop- 
erties of supersaturated lactose solutions in relation to the sand defect in 
ice cream. When a saturated lactose solution is cooled or concentrated in 
any way so that the lactose becomes supersaturated, crystallization does or 
does not take place, depending on the degree of supersaturation. Three 
concentration areas or states are known, viz: metastable, labile and glassis. 

Metastable area: This area occurs directly below the saturation point. 
If a supersaturated lactose solution is held in this area it will not crystallize 
under normal conditions. Factors which generally operate to cause crystal- 
lization, such as agitation, jarring, seeding, and the like, do not lead to 
copious crystallization unless the action is very intensified. 

Leighton and Peter (11) worked out the super-solubility curve for pure 
lactose at various temperatures above the freezing point. This curve cor- 
responds to the lower edge or boundary of the metastable area described 
above. It would be difficult to determine accurately the position of this 
boundary in ice cream because of the ice which would form and because of 
the influence various substances like protein, sugar, salts and fat might 
have on the position of the line. 

Labile area: As the concentration of lactose in a supersaturated solution 
is increased beyond the metastable area the lactose is said to enter the labile 
area. As the word indicates supersaturated lactose solutions in the labile 
area are unstable and are subject to spontaneous nuclei formation and rapid 
subsequent crystal growth. Crystals formed from supersaturated solutions 











180 RANDALL WHITAKER 


in this state are frequently irregular in shape. This is probably caused by 
the rapid deposition of lactose on the nuclei. Clustering of crystals is an- 
other characteristic noted under these conditions. 

As mentioned previously, Leighton and Peter (11) established the meta- 
stable/labile boundary in pure lactose solution above the freezing point but 
no one has attempted to define the concentration range of the labile area for 
lactose. In the manufacture of spray dried whey it has been found that 
if the moisture content is 7 per cent or more crystallization of lactose takes 
place. As dried whey contains about 70 per cent lactose it follows that in 
this product the labile area of the lactose extends to about 11 per cent 
moisture in the lactose. Leighton (10) has pointed out the desirability of 
expressing the lactose concentration as parts of lactose per 100 parts water. 
On this basis in dried whey the concentration of lactose in the labile area 
ranges from approximately 45 to 890 parts lactose to 100 parts water at 
room temperature. It must not be concluded that this value applies to 
lactose in pure solution as the salts and albumin in whey probably have an 
influence on the position of this area. However, these calculations may be 
considered as approximate and indicate that this area covers a wide range. 

Glassis area: Further concentration of a non-crystallized supersaturated 
lactose solution forces the system out of the labile area into what is called 
the glassis area. In this state crystallization fails to take place. The lac- 
tose solution or syrup becomes so concentrated that it forms a glass or what 
may be called a solid solution. Molecular movement is at a minimum. 
There is practically no diffusion throughout the mass. It may even be that 
the molecules are not capable of arranging or orienting themselves to form 
erystals or to continue crystal growth. Whether the lactose in ice cream 
is ever found in the glassis state is problematical, as there is no accurate 
set of data to show the amount of metacryotie liquid present at low tem- 
peratures. 


Isomeric Forms of Lactose 


The crystallization of lactose in ice cream is complicated by the fact 
that lactose exists in more than one form. Organic compounds which con- 
tain asymmetric carbon atoms are subject to stereoisomerism. In the case 
of lactose two isomeric forms are known, namely, alpha and beta lactose. 
Troy and Sharp (6) give a good discussion of the réle played by alpha and 
beta lactose in the crystallization of this sugar in ice cream. 

In a non-saturated solution of lactose in water the alpha and beta forms 
are in equilibrium. The ratio of the two forms varies slightly with tem- 
perature. According to Rahn and Sharp (9) at 0° C. (32° F.) the equi- 
libriated solution contains 62.25 per cent beta lactose and 37.75 per cent 
alpha lactose, which gives an equilibrium constant of 1.65. It makes no 
difference which of the two forms is dissolved as in solution alpha changes 
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to beta and beta changes to alpha with relative ease until the equilibrium 
ratio is established. The rate of conversion is almost instantaneous at 75° 
C. (167° F.) and above, but at lower temperatures a time factor appears. 
At sub-freezing temperatures the rate becomes very slow. 

Sandy ice cream is caused by the presence of alpha lactose crystals. If 
a solution containing alpha and beta in equilibrium is concentrated so that 
the solution becomes supersaturated to the alpha form, alpha rather than 
beta lactose crystallizes as this form is less soluble. In order to have more 
alpha crystallize some of the lactose which is in the beta form must change 
to alpha to maintain the equilibrium ratio. The rate of conversion of beta 
to alpha is very slow at the temperature of hardened ice cream and since 
this reaction may take place less rapidly than the rate of alpha crystalliza- 
tion, it becomes the factor which governs the rate at which lactose is de- 
posited in the solid state. The rate of conversion of beta to alpha decreases 
with temperature, hence the colder the solution the less rapid will be the 
formation of crystallized alpha lactose. 

In ice cream mix alpha and beta lactose are in equilibrium as the 
pasteurization temperature insures the rapid conversion of the two forms. 
The equilibrium is maintained after cooling and during the aging process, 
as in average ice cream mix the lactose in solution in the water of the mix 
does not become saturated to alpha. In the freezer, however, some water 
is removed as ice, the solution becomes supersaturated to alpha lactose, and 
there is a tendency for alpha to crystallize. Actually, no alpha crystallizes 
as there is an insufficient amount of alpha present to immediately form 
erystals. The conversion of beta lactose to alpha lactose in the solution 
occurs only when the equilibrium is disturbed by the crystallization of alpha 
lactose. The lactose solution in the mix is probably in the metastable state, 
which, as has been previously noted, is not conductive to crystallization. 


Rate of Diffusion in Ice Cream at Low Temperatures 

Peter (13) has shown that ‘‘the solubility of lactose in nearly saturated 
sucrose solutions is reduced to approximately one half its value in water.’’ 
The freezing of water into ice in ice cream causes a further concentration 
of the lactose insuring a highly supersaturated solution of lactose in ice 
cream at low temperatures. Peter (13) in a discussion of the properties 
of nearly saturated sucrose solutions points out that at low temperatures 
such solutions become extremely viscous, which factor ‘‘creates an influence 
which opposes and materially retards the separation of lactose.’’ There 
is evidence to show that in ice cream of average composition the sucrose 
solution actually does become saturated, probably at about —13.3° to —11.1° 
C. (8 to 12° F.). The very high viscosity of saturated and supersaturated 
sucrose solutions at these low temperatures reduces the rate of diffusion 
of lactose to a marked degree. Since diffusion is necessary for crystal for- 
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mation and growth, it appears that this factor is of great importance in the 
rate of lactose crystallization in ice cream. 


METHODS OF DETECTING CRYSTALLIZED LACTOSE IN ICE CREAM 


It has been demonstrated by various workers that ice cream is said to 
be sandy when it contains lactose crystals sufficiently large to be felt be- 
tween the tongue and the roof of the mouth. Individual crystals or clusters 
of crystals having a total length of 30 microns or more produce a distinctly 
noticeable sandy condition, while crystals of 12 microns or less are not felt 
in the mouth (8). It is possible under certain conditions to have an ap- 
preciable quantity of lactose crystallized in ice cream and yet have a product 
which is not sandy to the tongue, providing the crystals present are very 
small. 

Four methods of detecting lactose crystallization in ice cream were 
studied. Two methods were employed in this investigation. Of the two 
remaining methods one was discarded after preliminary trials showed it to 
be unreliable and the other discarded because of the complicated technique 
required. For the sake of record, however, all four methods will be briefly 
discussed. 


Seeding Test 


Hudson (5) discovered that if a small amount of a substance, either 
liquid or solid, containing crystallized alpha lactose, was added to a super- 
saturated solution of pure lactose in water, extensive and visible erystal- 
lization took place in a short period of time. If, however, the added sub- 
stance did not contain alpha lactose crystals no crystallization occurred. 
In the former case the lactose crystals acted as seeding nuclei, causing 
copious erystallization while in the latter case no crystallization resulted 
due to the absence of seeding nuclei. 

This test, known as Hudson’s Seeding Test, was used on several samples 
of ice cream with the result that almost every sample showed positive, 
although many were known to be free from lactose crystals. It was be- 
lieved that there were present in the ice cream and mix other substances 
which induced crystals to form in the supersaturated lactose solution. Troy 
and Sharp (6) also found Hudson’s Seeding Test to be unreliable when used 
on ice cream. 


Polariscopic Method of Detecting Crystallized Lactose 


Lactose, in common with many organic compounds, has the property of 
rotating the plane of polarized light passing through its solution. In the 
ease of lactose where two forms are possible, namely the alpha and beta 
forms, there will be a corresponding number of specific rotations. The 
specific rotation is a measure of the degree to which plane polarized light 
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is rotated by a substance. The specific rotation of the various forms of 
lactose are given by Whittier (7) as follows: alpha + 89°, beta + 35°, and 
alpha — beta (equilibrium mixture) +55.5°. Thus a freshly prepared solu- 
tion of alpha in water will have a specific rotation of + 89°. As the solu- 
tion is allowed to stand the reading will be observed to decrease as a por- 
tion of the alpha changes to beta. The rotation will finally remain constant 
at + 55.5°, which is the value of the equilibrium mixture of alpha and beta. 
In like manner, if the beta form is dissolved in water the first value will 
be +35°. This will change slowly to +55.5° as equilibrium is reached. 

In another section of this report a detailed discussion of the alpha and 
beta forms of lactose in ice cream is given. These two forms of lactose are 
in equilibrium in all unfrozen mix and in-freshly made ice cream, hence the 
lactose in a clarified solution of ice cream mix will have a specific rotation 
of + 55.5°. If, however, conditions are such that alpha lactose has crystal- 
lized, as in sandy ice cream, a reading between +55.5° and + 89° will be 
observed, which value will slowly change to + 55.5° on standing. Thus, 
when a given sample of ice cream is examined polariscopically and a read- 
ing above that of + 55.5° is obtained, which decreases on standing to this 
constant, it is proof that some crystallized alpha lactose is present in the 
ice cream. Troy and Sharp (6) used this method in following lactose 
crystallization in ice cream. 

This method of determining lactose was found to have certain disadvan- 
tages. It was (1) time consuming, as the mix had to be clarified with some 
protein precipitant prior reading in the polariscope, (2) necessary to have 
accurate temperature control while operating the polariscope, (3) necessary 
to conduct the test in a well equipped laboratory because of the rather pre- 
cise technique, (4) expensive since a polariscope costing an appreciable 
amount of money was required. 

The advantages of the test were (1) dependable; and (2) fairly sensi- 
tive, detecting small amounts of crystallized lactose. 


Microscopic Method of Detecting Crystallized Lactose 


Heretofore the use of the microscope in detecting crystallized lactose in 
ice cream has been somewhat limited due to the difficulty attending the 
preparation of the frozen specimen. To prevent solution of very small 
crystals the work had to be done at a cold temperature. Following sugges- 
tions made by Herrington (20), a simplified technique was worked out 
whereby this method could be used at room temperatures. As this method 
is not recorded in the literature, it seems desirable to discuss it in some de- 
tail at this time. 

A lactose solution is prepared which is saturated to lactose at 35-37° C. 
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(95-99° F.). This solution is carefully filtered at that temperature to re- 
move any crystals which may be present and allowed to cool to room 
temperature. 


A drop of this supersaturated solution is placed on a glass slide on the 
stage of a polarizing microscope. A small portion of the frozen ice cream 
to be tested is introduced into the lactose solution on the slide, where it 
promptly melts. The sample plus lactose solution is stirred to form a uni- 
form mixture. A cover glass is then applied and the preparation viewed 
through crossed nicols. 

The lactose crystals in the ice cream, provided they are present, do not 
dissolve when the solution is warmed to room temperature because they are 
suspended in a saturated lactose solution. The dilution effect is counter- 
balanced by having the lactose solution saturated at a temperature slightly 
higher than that at which the work is done. The slide is best examined 
immediately although crystallization does not take place at once as the rate 
of alpha erystallization is comparatively slow. 

It is possible by using 200 magnification to detect very small crystals. 
The erystals appear as small points of light which change in intensity as the 
stage of the microscope is revolved. No other substance present in ice 
eream will act in this manner, hence it can be said that all preparations 
which exhibit this phenomenon have lactose crystals present. It is not 
always possible to detect the crystals when the slide is viewed through 
parallel nicols or with the ordinary microscope. The rotation of the stage 
assists greatly in detecting the presence of the crystals, although it is not 
absolutely necessary. 

The microscopic test was found to be very practical. It was used almost 
exclusively throughout this research as a means of detecting the first sign 
of lactose crystallization. It was proved in many trials that when crystals 
were detected with the microscope the ice cream never failed to become 
sandy to the tongue at some later date. 

The advantages of this method over the polariscope, the other most 
dependable test, are as follows: (1) the microscopic method was found to be 
more sensitive, detecting lactose crystallization one or more days earlier 
than the polariscopic method; (2) the microscopic test was more rapid, 
results were obtained in 2-3 minutes, whereas the polariscopic method 
required at least one hour; (3) the results obtained with the microscope 
were never debatable, whereas there was often a question about the change 
in specific rotation of the solution in the polariscopic method; (4) the test 
was more practical, as it was readily conducted in any ice cream plant; 
(5) the technique employed was very simple in comparison to the polari- 
scopic test. 
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Detection of Lactose Crystals in the Mouth 

Large lactose crystals are easily detected in the mouth, especially when 
the ice cream is rubbed between the tongue and the roof of the mouth or 
ground between the front teeth. The low solubility of lactose is respon- 
sible for the presence of the crystals after the ice cream has melted in the 
mouth. At certain times the crystallized lactose creates a tickling sensation 
at the back of the mouth and there is often a desire to cough slightly or to 
clear the throat. Inexperienced tasters may at first confuse coarseness in 
ice cream as caused by excessive ice crystallization with the grittiness of 
lactose crystals, but the persistent character of the latter makes it so much 
more noticeable that sandy ice cream is readily distinguished from coarse 
or icy ice cream. As mentioned elsewhere in this report, lactose crystals 
must be 30 microns or larger to be easily detected in the mouth. When 
erystals which vary in size from 15 to 20 microns are present in large num- 
bers the sand defect can be frequently detected by the mouth, according 
to Fujumoto (8). 

Comparison of the three useful methods of detecting crystallized lactose 
in two samples of ice cream is shown in table 2. It will be observed that 
the microscopic method detected smaller crystals than were felt in the 
mouth and was the most sensitive method used. It was possible to predict 
by the use of the microscopic test the sand defect several days before it was 
noticed organoleptically. 


FACTORS INFLUENCING LACTOSE CRYSTALLIZATION IN ICE CREAM 

The literature contains discussion of many of the factors which have 
been found to influence lactose crystallization in ice cream. Other factors, 
not mentioned in any published work as far as could be ascertained, have 
been studied during the course of this investigation. There follows a dis- 
cussion of some of the factors which influence lactose crystal formation in 
ice cream as recorded in the literature and as found during the perusal of 
this problem. Record is also made of factors which gave promise of affect- 
ing lactose crystallization but which were later found through experimen- 
tation to have no significant bearing on the problem. 


Composition of the Mix 

Bothell (1) in 1920 was probably the first to call attention to the com- 
position of the mix as a factor causing sandy ice cream. Nearly every pub- 
lished discussion of the sand defect includes mix composition as one of the 
chief factors. It appears obvious that the greater the quantity of lactose 
present in the mix, the greater will be the tendency of lactose to crystallize 
and for the ice cream to become sandy. 

In most publications the quantity of lactose is not mentioned directly 
but rather the percentage of the solids-not-fat in the mix. This is rather 
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(95-99° F.). This solution is carefully filtered at that temperature to re- 
move any erystals which may be present and allowed to cool to room 
temperature. 


A drop of this supersaturated solution is placed on a glass slide on the 
stage of a polarizing microscope. A small portion of the frozen ice cream 
to be tested is introduced into the lactose solution on the slide, where it 
promptly melts. The sample plus lactose solution is stirred to form a uni- 
form mixture. <A cover glass is then applied and the preparation viewed 
through crossed nicols. 

The lactose crystals in the ice cream, provided they are present, do not 
dissolve when the solution is warmed to room temperature because they are 
suspended in a saturated lactose solution. The dilution effect is counter- 
balanced by having the lactose solution saturated at a temperature slightly 
higher than that at which the work is done. The slide is best examined 
immediately although crystallization does not take place at once as the rate 
of alpha erystallization is comparatively slow. 

It is possible by using 200 magnification to detect very small crystals. 
The erystals appear as small points of iight which change in intensity as the 
stage of the microscope is revolved. No other substance present in ice 
eream will act in this manner, hence it can be said that all preparations 
which exhibit this phenomenon have lactose crystals present. It is not 
always possible to detect the crystals when the slide is viewed through 
parallel nicols or with the ordinary microscope. The rotation of the stage 
assists greatly in detecting the presence of the crystals, although it is not 
absolutely necessary. 

The microscopic test was found to be very practical. It was used almost 
exclusively throughout this research as a means of detecting the first sign 
of lactose crystallization. It was proved in many trials that when crystals 
were detected with the microscope the ice cream never failed to become 
sandy to the tongue at some later date. 

The advantages of this method over the polariscope, the other most 
dependable test, are as follows: (1) the microscopic method was found to be 
more sensitive, detecting lactose crystallization one or more days earlier 
than the polariscopic method; (2) the microscopic test was more rapid, 
results were obtained in 2-3 minutes, whereas the polariscopic method 
required at least one hour; (3) the results obtained with the microscope 
were never debatable, whereas there was often a question about the change 
in specific rotation of the solution in the polariscopiec method; (4) the test 
was more practical, as it was readily conducted in any ice cream plant; 
(5) the technique employed was very simple in comparison to the polari- 
scopic test. 








CRYSTALLIZATION OF LACTOSE 185 


Detection of Lactose Crystals in the Mouth 

Large lactose crystals are easily detected in the mouth, especially when 
the ice cream is rubbed between the tongue and the roof of the mouth or 
ground between the front teeth. The low solubility of lactose is respon- 
sible for the presence of the crystals after the ice cream has melted in the 
mouth. At certain times the crystallized lactose creates a tickling sensation 
at the back of the mouth and there is often a desire to cough slightly or to 
clear the throat. Inexperienced tasters may at first confuse coarseness in 
ice cream as caused by excessive ice crystallization with the grittiness of 
lactose crystals, but the persistent character of the latter makes it so much 
more noticeable that sandy ice cream is readily distinguished from coarse 
or icy ice cream. As mentioned elsewhere in this report, lactose crystals 
must be 30 microns or larger to be easily detected in the mouth. When 
erystals which vary in size from 15 to 20 microns are present in large num- 
bers the sand defect can be frequently detected by the mouth, according 
to Fujumoto (8). 

Comparison of the three useful methods of detecting crystallized lactose 
in two samples of ice cream is shown in table 2. It will be observed that 
the microscopic method detected smaller crystals than were felt in the 
mouth and was the most sensitive method used. It was possible to predict 
by the use of the microscopic test the sand defect several days before it was 
noticed organoleptically. 


FACTORS INFLUENCING LACTOSE CRYSTALLIZATION IN ICE CREAM 

The literature contains discussion of many of the factors which have 
been found to influence lactose crystallization in ice cream. Other factors, 
not mentioned in any published work as far as could be ascertained, have 
been studied during the course of this investigation. There follows a dis- 
cussion of some of the factors which influence lactose crystal formation in 
ice cream as recorded in the literature and as found during the perusal of 
this problem. Record is also made of factors which gave promise of affect- 
ing lactose crystallization but which were later found through experimen- 
tation to have no significant bearing on the problem. 


Composition of the Mix 

Bothell (1) in 1920 was probably the first to call attention to the com- 
position of the mix as a factor causing sandy ice cream. Nearly every pub- 
lished diseussion of the sand defect includes mix composition as one of the 
chief factors. It appears obvious that the greater the quantity of lactose 
present in the mix, the greater will be the tendency of lactose to crystallize 
and for the ice cream to become sandy. 

In most publications the quantity of lactose is not mentioned directly 
but rather the percentage of the solids-not-fat in the mix. This is rather 
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TABLE 2 
Comparison of three methods of detecting lactose crystallization in two samples 
of ice cream 
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The samples (A and B) were removed from the cabinet for 15 minutes daily to has- 
ten lactose crystallization. 


unfortunate as it fails to present a true picture of the conditions which ex- 
ist in any particular mix. A better index of the degree of lactose concen- 
tration may be obtained by considering the ratio of lactose to water. The 
treatment which the ice cream receives should also be given attention in 
determining the amount of milk-solids-not-fat to use in a mix to avoid the 
sand defect. The proper lactose to water ratios which should obtain in 
mixes as calculated from Sommer’s (17) factors are presented in table 3. 





TABLE 3 

Maximum percentage of milk-solids-not-fat to avoid sand defect under various 
conditions 

i a % SOLIDS-NOT-FAT 

TREATMENT GIVEN THE TO USE WITH 12% LACTOSE TO SOMMER 


ICE CREAM FAT+15% SUGAR if WATER RATIO FACTOR F 





Ideal conditions: 
Rapid turnover. Ice cream 
sold in few days 11.3 1: 11.0 6.4 


Fair conditions: 
Stocks held in cabinets 
two weeks 10.5 1: 119 6.9 


Poor conditions: 
Stocks held in cabinets 
four weeks 10.0 1: 12.6 7.3 





He has developed a simple formula for establishing the amount of solids- 
not-fat to use in any given mix which will not cause sandiness under the 
conditions prescribed. 
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Maximum per cent of solids-not-fat __ (100-X) 
to use 7 F 


where X =sum of all other solids except milk-solids-not-fat 
F = factor as given in table 3. 


Several investigators (3) (4) (8) (15) have shown so conclusively that 
there is a direct relationship between the percentage of solids-not-fat in the 
mix to the rate at which the sand defect appears that there was no need of 
further experimentation on this phase of the problem. It is surprising, 
however, to note the lack of a satisfactory explanation for this observation 
as recorded in the literature. At first thought it would appear that the 
so-called ‘‘danger line’’ or limit of 10 to 12 per cent solids-not-fat described 
by many workers was merely due to the formation of a supersaturated solu- 
tion when this quantity of serum solids was used in ice cream. A closer 
and more intelligent study of the facts, however, indicates that this expla- 
nation is inadequate. A discussion of a possible explanation for this obser- 
vation does not seem amiss at this time. 

It has been shown elsewhere in this report that lactose exists in 
ice cream in a supersaturated state. It was further shown that lactose ex- 
ists in one of three states or areas of supersaturation. As indicated, no 
definite concentration or temperature range can be ascribed to the three 
states of lactose in supersaturated solution as it exists in ice cream. It is 
likely that the colloids, sucrose, and salts of ice cream have an influence on 
the solubility of lactose and on the metastable/labile/glassis boundaries. 
The action of these substances adds to the complexity of the problem and 
to the difficulty of formulating a complete explanation for the peculiar be- 
havior of lactose as it crystallizes in ice cream under various conditions. 

As previously pointed out, agitation of a supersaturated lactose solution 
in the metastable state does not lead to immediate crystallization, whereas 
erystallization is promoted if the lactose is in the labile state. Lactose 
should not, therefore, crystallize readily in ice cream if, while in the freezer, 
it was in the metastable state. 

At the present writing there are no data available from which to cal- 
culate the position of the metastable/labile boundary line in ice cream at 
the temperatures obtained in the freezer. The difficulty attending the ex- 
perimental determination of this line is great, due to the formation of ice, 
to the possible influence of such mix ingredients as sugar, protein, fat and 
salts, and to the viscosity of the semi-frozen mass. It would appear from 
the work of Leighton and Peter (11) and from indirect evidence presented 
later in this paper, that in an ice cream mix of average composition it might 
be possible for the lactose to pass from the metastable to the labile state at 
about — 6.10 to —5.6° C. (21 to 22° F.). If conditions were such that the 
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lactose existed in the labile state during the freezing process, it seems likely 
that the sand defect would be very troublesome. 

It is obvious that one of the chief factors which determine the meta- 
stable/labile boundary is the concentration of the lactose, or the percentage 
of milk-solids-not-fat which is of more significance to the ice cream manu- 
facturer. When a mix contains more than 11.5 per cent milk-solids-not-fat 
or when the ratio of lactose to water is less than 1: 12.5 the metastable 
labile boundary may be found at a temperature higher than the minimum 
reached during the freezing process. In this case there will be a tendency 
for lactose to crystallize since agitation of supersaturated solutions in the 
labile state induces crystallization. On the other hand, in mixes containing 
a percentage of milk-solids-not-fat below the so-called ‘‘danger line’’ of 11 
to 12 per cent; or having a lactose/water ratio greater than 1:12.5 the 
metastable/labile boundary line may be at a temperature below that 
reached in the freezer. In this event the tendency to crystallize will be 
small as the lactose always remains in the metastable state. This theory 
seems to provide an adequate explanation for the behavior of ice creams 
containing about 12 per cent milk-solids-not-fat which concentration is de- 
scribed by manufacturers as being the upper limit or ‘‘danger line.’’ 


cc 


Influence of Freezer Operation on Lactose Crystallization 

As now manufactured the temperature of ice cream in the freezer rarely 
falls below —5.6° C. (22° F.) and is generally one to two degrees higher 
than this when it is drawn. If the assumption is made that the lactose in 
ice cream of average composition passes from the metastable to the labile 
state at a temperature of —6.1° to —5.6° C. (21 to 22° F.) it would be ex- 
pected that the lactose would not crystallize in the freezer. Ice creams of 
varying composition have been frozen under a variety of conditions and no 
lactose crystals have ever been detected in the product while in the freezer. 
In extreme cases crystals have been detected in ice cream two days after 
freezing but generally at least several days are required to cause crystal- 
lization under adverse condiiions. When the prediction is made that agi- 
tation of ice cream mixes containing lactose in the labile state induces erys- 
tallization, it must not be concluded that immediate precipitation of the 
lactose is implied, but rather that crystallization takes place one or more 
days sooner than normal, which may be a week or a month after freezing 
depending on the storage treatment the ice cream receives. 

The metastable/labile boundary is not a sharp line. Lactose solutions 
in concentrations near this line do not always act as predicted from a theo- 
retical point of view. For example, copious crystallization may take place 
slightly above this theoretical boundary in one case while in another erys- 
tals may not appear, although conditions indicate that the lactose is slightly 
below the boundary and in the labile area. Hence it may be argued that 
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in the case of ice cream in the freezer where the lactose may be near to the 
boundary crystallization may at some later date be influenced by the treat- 
ment the ice cream receives during the freezing process. It would seem, 
therefore, that the lower the temperature reached in the freezer the greater 
will be the tendency of the lactose to crystallize, as such a treatment places 
the lactose nearer to the labile area. It also follows that the longer the ice 
cream is agitated the greater will be the tendency for lactose to crystallize 
as agitation promotes nuclei formation and hastens crystallization. 

In order to demonstrate this point a large batch of ice cream mix was 
divided into several portions, each of which was frozen to a different tem- 
perature. When the ice cream reached the desired temperature the circu- 
lation of the brine was so adjusted that that temperature was maintained 
for 10 minutes. Samples were drawn at three different intervals, one when 
the temperature was first attained, one when the ice cream had been 
whipped for five minutes at that temperature, and one after ten minutes. 
After hardening in the usual manner for two days the samples of ice cream 
were placed in an electric cabinet and held until lactose crystals could be 
detected microscopically. This experiment was conducted several times. 
Typical data from one series are presented in table 4. 


TABLE 4 
Influence of temperature and length of time of whipping ice cream mix in the freezer 
on the rate of appearance of lactose crystals. Ice cream stored at 
— 9.4° C. (15° F.) in electric cabinets 


TIME THE ICE CREAM WAS REMOVED FROM FREEZER 








TEMPERATURE OF THE | 





ICE CREAM IN FREEZER | Immediately on reach- | After whipping for 5 After whipping for 10 
ing desired temp. minutes at desired minutes at desired 
temp. temp. 
<=. -. Days to crystallize | Days to crystallize | Days to crystallize 
—3.9 25 ’ 25 20 
—4.4 24 20 17 14 
— 5.0 23 25 17 14 
— 5.6 22 25 14 10 
| 


- 6.1 21 8 8 6 








* No crystals present at 30 days. 


Inspection of table 4 shows that the treatment given the ice cream in 
the freezer had an influence on lactose crystal formation. In general, the 
longer the ice cream was in the freezer and the lower the temperature, the 
sooner lactose crystallized. It will also be noted that lactose crystallized 
comparatively rapidly in the lot which was agitated at —6.1° C. (21° F.). 
This lends support to the theory that the metastable/labile boundary line 
may exist at or near this temperature. 











190 RANDALL WHITAKER 


The Influence of the Rate of Hardening on Lactose Crystallization 

The temperature of ice cream when drawn from the freezer ranges from 
about —5.5° to —-4.4° C. (22 to 24° F.). When the product is placed in the 
hardening room the temperature decreases to -18° C. (0° F.) or less. The 
time required to reach this temperature depends upon such factors as the 
amount of water frozen into ice before the ice cream leaves the freezer, size 
of containers, container material, method of stacking cans or packages, 
temperature of the hardening room, and circulation of air. 

Ice cream manufacturers have found through experience that rapid 
hardening of ice cream is desirable. Quick hardened ice cream is less sub- 
ject to the sand defect according to Bayer (16). In an experiment de- 
signed to show the influence of the rate of hardening on lactose crystalliza- 
tion three cans of ice cream filled from the freezer at the same temperature 
were cooled to —18° C. (0° F.) by three different methods. The bulb of 
the thermometer in all cases was placed two inches below the surface of the 
ice cream in the center of the can. One can was cooled rapidly by placing 
the can in an alcohol bath at —32° C. (—25° F.) until the temperature of 
the ice cream had reached —18° C. (0° F.). This required about one hour. 
Another can was cooled in the usual manner, by placing on the floor of the 
hardening room. The temperature was —20° C. (-4° F.). The tempera- 
ture of the ice cream reached —18° C. (0° F.) in about 15 hours. The 
third can was cooled slowly by placing it in a closed corrugated cardboard 
box in the hardening room, the air in the box acting as an insulator. It 
required about 28 hours to cool the ice cream to the desired temperature of 
-18° C. (0° F.). 

The three cans were placed in cabinets at —9.4° C. (15° F.) after one 
day at —18° C. (0° F.). The ice cream was examined weekly for lactose 
erystallization. The results of this experiment, given in table 5 show that 
the lactose crystallization was delayed by rapid hardening. 


TABLE 5 
The influence of rate of hardening of ice cream on lactose crystallization 





DAYS TO FIRST LACTOSE CRYSTALS 








METHOD OF | HOURS TO REACH 

ae 27.5" ¢. (0° #.) Experiment 1 Experiment 2 
Quick 1 51 32 
Medium ...... 15 | 44 25 
ies | 28 37 19 





Rapid hardening is to be desired from a theoretical point of view. It 
has been shown elsewhere that diffusion of the unfrozen portion is markedly 
reduced in ice cream at low temperatures. Since diffusion is necessary for 
erystal formation and growth, rapid hardening delays crystallization. In 
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like manner rapid attainment of low temperatures is desired as the rate of 
conversion of beta to alpha is decreased under such conditions. 


The Influence of the Method of Packaging Ice Cream on Lactose 
Crystallization 


During a study of the influence of the method of packaging ice cream 
on lactose crystallization three methods of packaging were considered, 
namely: bulk ice cream drawn directly into cans from the freezer; quart 
boxes filled from the freezer; and quart boxes packed by hand from bulk 
goods. 

Ice cream was frozen in the regular manner and drawn into five-gallon 
eans at 90% overrun. When filling the can a sample was also drawn into a 
cardboard quart pail. The samples were hardened in the usual manner and 
stored at —-18° C. (0° F.) for one week. At this period there were no lac- 
tose crystals visible under the microscope. Ice cream was then dipped from 
the five-gallon can and packed with a spoon into a quart ice cream pail. A 
temperature rise of about 5° C. (9° F.) was noted. The sample of ice 
eream which had been drawn directly into the pail from the freezer was 
then subjected to the same temperature rise, namely 5° C. (9° F.) for 
approximately the same length of time. The samples were returned to the 
hardening room for one day and then placed in an electric cabinet having a 
temperature range of — 12° to—11° C. (10 to 12° F.). The ice creams were 
examined from time to time for lactose crystallization. Three series of sam- 
ples were observed in this experiment. The observations are recorded in 
table 6. 


TABLE 6 
Rate of lactose crystallization in bulk, hand packaged and freezer drawn ice cream 





PERCENTAGE COMPOSITION OF MIX 
TIME TO LACTOSE 








| 
l . TREATMENT CRYSTALLIZATION 
ae Milk selide- ga GIVEN ICE CREAM | DAYS 
12 10 15 Freezer drawn bulk... | 27 (trace) 
Packaged by hand....... 11 
Freezer drawn pcekg. ... | 18 
14 11 15 Freezer drawn bulk | 18 
Packaged by hand......... 12 
Freezer drawn pcekg. ... | 14 
12 10 15 Freezer drawn bulk ..... | none at 38 
| | Packaged by hand...... | 11 
| Freezer drawn pckg. ... | 23 





Inspection of table 6 shows that the ice cream which had been packed by 
hand into ice cream pails developed crystals more rapidly than bulk goods 
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or packages filled directly from the freezer. Lactose crystallization in the 
bulk goods was delayed longer than in goods packed directly at the freezer. 

The probable explanation for these observations is that the bulk ice 
cream experienced less temperature fluctuation because of the compara- 
tively large volume. The hand packaged ice cream crystallized more rapidly 
than the ice cream packaged directly from the freezer because the agitation 
and localized temperature fluctuation during packaging with a spoon 
created conditions which fostered subsequent lactose crystallization. It is 
also possible that a structure was created during the hardening period 
which if left undisturbed tends to prevent lactose crystallization by retard- 
ing movement of the metacryotic liquid. If the structure was partially 
destroyed or changed, such as probably resulted during the hand packaging 
procedure, lactose crystallization was promoted due to the greater move- 
ment of unfrozen liquid in the mass. 

It would seem that in bulk goods which harden more slowly the lactose 
would erystallize more rapidly, since it has been shown elsewhere in this 
report that the rate of hardening has an influence on lactose crystallization. 
However, the temperature fluctuation which packaged ice cream must en- 
counter more than offsets the more rapid hardening of the smaller packages. 
Packaged goods are often stacked close together to facilitate handling and 
to effect economy of storage space, which condition fosters slow hardening. 


Development of Lactose Crystals in Ice Cream in the Container 


In general lactose crystals were detected organoleptically in ice cream 
in all parts of the mass at about the same time, although some special cases 
were observed in five-gallon cans from time to time, especially when exam- 
ined microscopically. In one special case crystals first appeared in the cen- 
ter of the can. This was traced to slow hardening in the center, while the 
outer layers cooled rapidly. In another case slight but frequent tempera- 
ture fluctuations were found to be the cause of ice cream becoming sandy on 
the top and sides before the center. Fluctuation of temperature was also 
responsible for the ice cream toward the top of certain containers of ice 
eream developing the sand defect before the ice cream lower down. In this 
case the cans were stored in an electric cabinet, the lids of which were more 
or less frequently removed. Uneven distribution of crystallized lactose in 
ice cream was the exception rather than the rule and for all practical pur- 
poses it may be assumed that lactose crystallizes simultaneously throughout 
the entire mass of ice cream in packages and in the bulk containers. 


The Influence of Temperature Fluctuations on Lactose Crystallization 
in Ice Cream 


Many investigators have observed that ice cream which was allowed to 
soften and was then rehardened was more likely to exhibit the sand defect 
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than ice cream which was not subjected to such temperature fluctuations 
(3), (4), (12), (14), (19). Severe temperature fluctuations were recorded 
when ice cream was stored in salt and ice cabinets. The introduction of 
the electric cabinet corrected this undesirable condition to a marked degree 
so that at the present time ice cream is seldom subjected to temperature 
variations. However, the fact remains that sandiness as due to partial 
melting and subsequent freezing is still a factor and may result because of 
insufficiently refrigerated trucks, slow handling, poorly adjusted ther- 
mostats on cabinets, carelessness in leaving lids off cabinet sleeves and the 
like. 

The term ‘‘heat shock’’ has been applied to the process of raising the 
temperature of ice cream and later lowering it again. The use of this term 
is popular with commercial men, but is somewhat misleading since the idea 
of a sudden and rapid temperature change is implied, which is not always 
the case. The term ‘‘temperature fluctuation’’ is to be preferred for this 
reason. 

When lactose crystallizes in properly hardened and stored ice cream 
small rather than large crystals form as there is little movement of the un- 
frozen portion throughout the mass. Diffusion is necessary for the produc- 
tion of large crystals. Among other things an increase in temperature 
causes an increase in diffusion and a decrease in viscosity which condition 
fosters the formation of large crystals. 

When the temperature of ice cream is raised some ice melts. If the ice 
cream contains crystallized lactose the crystals will tend to dissolve due to 
the dilution caused by the melted ice. Under such conditions the smaller 
erystals will dissolve more readily than the larger ones. When the tempera- 
ture is again lowered, lactose will be precipitated on the existing nuclei, /.e., 
the larger crystals which failed to dissolve at the higher temperature. Thus 
the larger lactose crystals grow at the expense of the smaller ones in ice 
cream which is subjected to temperature fluctuations. 

It has been shown elsewhere that in ice cream at low temperatures the 
rate of change of beta to alpha is less rapid than the rate of precipitation of 
alpha and the former becomes, therefore, an important factor in the rate of 
lactose deposition. Since the rate of change is proportional to the tempera- 
ture it follows that a rise in temperature will make more alpha available 
when conditions again favor crystallization. 

No actual experimental work was conducted on the influence of tempera- 
ture fluctuation as this factor is well known and has been demonstrated 
many times. One interesting observation was made, however, which is 
worthy of record here. Samples of the same ice cream were stored in two 
electric cabinets operated as follows: Cabinet No. 1. An electric cabinet 
controlled by means of the gas pressure thermostat used on most com- 
mercial installations. It was adjusted so that the sleeve temperature range 
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was about 2.4° C. (4° F.). The maximum temperature was —9.4° C. 
(15° F.) and the minimum —-11.7° C. (11° F.). Cabinet No. 2. The 
temperature was maintained at —9.4° C. + 0.28° (15° F. + 0.5°) by means 
of an electrically operated thermostat and relay. The thermostat was 
activated by the temperature of the brine surrounding the sleeves. 

It was found that crystallized lactose appeared in the ice cream stored in 
Cabinet No. 1 about 10 to 14 days before that in Cabinet No. 2. It will be 
noted that the average temperature in Cabinet No. 1 was 1.1° C. (2° F.) 
below that of Cabinet No. 2 and at no time did it exceed the constant 
temperature of —9.4° C. (15° F.) of unit No. 2, yet the lactose in the ice 
cream in this cabinet crystallized first. This is an interesting illustration 
of the influence of temperature fluctuation on the rate of lactose crystalliza- 
tion in ice cream. 


The Effect of Mechanical Shocks on Lactose Crystallization in Ice Cream 


Mechanical shock is a broad term used by ice cream manufacturers to 
denote any bumping, shaking or vibration to which the cans of ice cream 
may be subjected, as for example being dropped on the floor, shaken in a 
truck driven over poor roads, vibration in a cabinet, and the like. The 
literature contains statements which imply that ice cream which has been 
exposed to mechanical shocks is likely to exhibit the sand defect (12) (18). 

The theory has been advanced that crystallization of the lactose in ice 
cream is promoted by sudden shocks or long continued vibration. Such 
treatment probably causes a sudden movement of the metacryotie liquid in 
the frozen mass, which may induce crystallization of the lactose or promote 
the growth of existing crystals. Experimental work has been conducted 
to show that sudden jars induce crystallization in pure solution but no 
actual experiments have been described in the literature, wherein the lactose 
in ice cream was made to crystallize prematurely by means of mechanical 
shocks. 

Three 10-quart cans were filled with ice cream from the same freezer 
and hardened in the regular manner for two days. The cans were then 
transferred to an electric cabinet which was operating at - 12° C. (10° F.). 
The cans were given the following treatments: One can was stored con- 
tinuously in the cabinet. Another can was removed daily from the cabinet 
for a period of five to ten minutes and bounced or dropped on a concrete 
floor from the height of about one foot. The third can was removed daily 
from the cabinet for the same period of time as the second can. This was 
not subjected to the jarring procedure but was merely removed from the 
cabinet as a check or control sample. 

Microscopic examination of the ice cream in the three cans showed that 
erystallized lactose appeared in all three at the same time, indicating that 
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the mechanical shocks given the ice cream under the conditions of this ex- 
periment had no influence on lactose crystallization. 

Crystallization of substances from supersaturated solutions frequently 
results when the container holding the supersaturated mass is caused to 
vibrate. It was believed that the motor and compressor of electric cabinets 
might transmit to ice cream in cans sufficient vibratory motion to cause 
premature crystallization of the lactose. 

In order to demonstrate whether or not vibration is carried from the 
motor and compressor to ice cream in cans within the sleeves vibration 
measurements were made with a device supplied by the Research Laborator- 
ies of the Frigidaire Corporation of Dayton, Ohio. It was found that the 
frames of the cabinets vibrated to the extent of 0.003 to 0.005 inches but 
that the cans within the sleeve exhibited vibrations of less than 0.001 inches. 
Cabinets of portable type which have the motor and compressor mounted on 
the same chassis as the cabinet, showed slightly more vibration than cabinets 
which were not directly connected with the refrigeration unit. 

When duplicate samples of ice cream were stored in these cabinets, the 
lactose crystallized in all at the same time. Identical and constant tempera- 
tures were maintained in both cabinets by means of thermostats. During 
one trial the compressor and motor of the portable cabinet was bolted 
directly to the frame, the rubber supports having been reinoved. Even this 
abnormal condition failed to produced sufficient vibration to cause the 
premature development of crystallized lactose in the ice cream. 

It appears that mechanical shocks of the types employed in this inves- 
tigation cannot be considered as significant factors in promoting the forma- 
tion of sand in ice cream. 


Nuclei as a Factor in the Rate of Lactose Crystallization 


Crystallization can be induced in many supersaturated solutions by 
seeding with a few crystals of the dissolved substance or with other sub- 
stances possessing certain characteristics. In general, substances which are 
relatively insoluble, are of crystalline structure or which have sharp 
pointed or angular particles, are the best seeding agents or nuclei. 

To affect premature crystallization of lactose in ice cream by seeding 
with pulverized alpha lactose it was necessary to distribute the seed 
or nuclei throughout the entire mass. Placing of the seed in one part of 
the mass did not produce crystallization throughout the mass but did in- 
duce copious crystallization in the vicinity of the seed. This was deter- 
mined by actual trial. 

When insoluble particles of foreign substances were introduced into ice 
cream the lactose crystallized prematurely, as can be seen from table 7. 
The data was procured by examining stored samples of ice cream drawn 
from the same freezer, into each of which had been stirred one of the vari- 
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TABLE 7 
The influence of the presence of insoluble foreign material, as seed or nuclei, on the rate 
of lactose crystallization in ice cream 





TIME TO FIRST APPEARANCE OF LACTOSE CRYSTALS 
MATERIAL ADDED 
TO ICE CREAM 








Cabinet 1 Cabinet 3 

days . days 
Nothing none at 28 none at 28 
Asbestine 21 lost 
Sand 23 21 
Kaolin 23 17 
Ground glass 17 13 
Carborundrum 23 17 





ous materials listed in the table. The seeding agents were added at the 
rate of approximately 1 per cent. 


The Influence of the Temperature of Pasteurization of the Mix 
on Rate of Lactose Crystallization in Ice Cream 


Lucas and Spitzer (4), investigating the influence of the temperature 
of pasteurization on the rate of sand development in ice cream, found that 
**sandiness was neither prevented nor affected so far as could be determined 
by high or low pasteurization temperatures.’’ These workers varied the 
pasteurization temperatures from 62.8 to 73.9° C. (145 to 165° F.). 

There are recorded in table 8 data produced in two series of experiments 

TABLE 8 


The influence of the temperature of pasteurization on the rate of lactose crystallization 
in ice cream 





TIME TO FIRST LACTOSE CRYSTALS 








TEMPERATURE OF TIME OF 
PASTEURIZATION PASTEURIZATION Cabinet 1 Cabinet 3 
°C, oF. min. days days 
Series A 

62.8 145 30 | 43 51 
82.2 180 10 | 63 none at 69 
Series B 

62.8 145 30 8 11 
71.1 160 30 8 14 
79.4 175 15 none at 36 none at 47 





designed to show the effect of the temperature of pasteurization on lactose 
erystallization in ice cream. In Series A the composition of the mix was 
12 per cent fat, 10 per cent milk-solids-not-fat, and 15 per cent sugar. In 
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Series B the composition was 13 per cent fat, 11 per cent milk-solids-not-fat 
and 15 per cent sugar. It will be noted that lactose crystallization was 
materially retarded by pasteurizing at 79.4 to 82.2° C. (175° to 180° F.). 
Little or no benefit was gained by pasteurization at 71.1° C. (160° F.) was 
compared to 62.8° C. (145° F.). 

In Series A the homogenization process was conducted at the pasteuriza- 
tion temperature, while in Series B all mixes were homogenized at 62.8° C. 
(145° F.). From the similarity of the results obtained in the two series it 
appears that it is the pasteurization temperature and not the homogeniza- 
tion temperature which influenced the rate of crystal development in these 
studies. 


The Influence of Nut Meats on the Crystallization of Lactose 
in Ice Cream 


It is generally agreed that ice cream containing nut meats develops sand 
more frequently than other flavors. This peculiarity has drawn the atten- 
tion of Reid (12) and Dahle (19) who have probably done the most work 
on this subject. Reid believes that the nut meats act as nuclei which in- 
duce premature lactose crystallization in ice cream. 

Reid showed that the sand defect in nut ice cream was delayed when the 
nut meats were washed with warm water, autoclaved under steam pressure 
or soaked in a gelatin solution prior to use in ice cream. Dahle (19) soaked 
nut meats in a sugar syrup before using in ice cream, and delayed sandi- 
ness. Since all of these practices resulted in the nuts taking up moisture 
before being placed in the ice cream, it may be argued that unsoaked nut 
meats when placed in the ice cream imbibe water, thereby causing an in- 
crease in the concentration of the lactose in the unfrozen portion of the ice 
cream adjacent to the nut meat particle. The increase may be of sufficient 
magnitude to cause premature crystallization of lactose. 

It was observed that more and larger lactose crystals were found close 
to the nut meats particles than in the ice cream between the particles. This 
lends support to the hypothesis advanced above. That this explanation 
based on water absorption adequately accounts for the premature crystal- 
lization of lactose in nut ice cream was shown by some experimental work. 

In order to demonstrate the water imbibing property of nut meats such 
as are used by the ice cream industry, samples of five kinds of nuts were 
procured and chopped into particles about the size of wheat kernels. A 
known weight of each kind was placed in three times their weight of water 
at 4° C. (40° F.). After 18 hours the nuts were again weighed. The data 
collected in this experiment are presented in table 9. 

The above experiment was repeated, using a 10 per cent lactose solution 
instead of water to demonstrate that the nuts did not remove lactose from 
solution. The solutions were hnalyzed for lactose before and after soaking 
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TABLE 9 
The water-absorbing power of chopped nut meats 





WT. AFTER SOAK- 








KIND OF NUT WT. BEFORE ING IN WATER FOR Ales, OF Wares 
TREATMENT 18 HOURS ABSORBED BY NUTS 
gms. gms. per cent 
Black walnut 45 65 44 
Manchurian walnut 45 70 57 
Domestic walnut 45 65 44 
Almond 45 75 66 
Burnt Almond 45 65 44 








the nut meats. In this work 12.5 gms. chopped nuts were added to 30 ce. 
of lactose solution for 15 hours. The data are given in table 10. These 
data clearly show that nut meats are capable of removing water from a lac- 
tose solution, thereby causing an increase in lactose concentration. 
Experimental work was next conducted on ice cream. Both dry and 
soaked nut meats were added to ice cream at the rate of 45 gms. of nuts per 
quart of ice cream. This was done by first placing the prepared nuts in 
empty ice cream pails. These were then filled with ice cream direct from 
the freezer. The nuts and ice cream were then thoroughly mixed together 
by stirring with a spoon. The samples were hardened for 24 hours—at 
TABLE 10 


The water-absorbing power of chopped nut meats in a 9.6 per cent lactose solution 





PER CENT OF LACTOSE 








KIND OF NUT - eee om DeeeuanNICe 
Before soaking After soaking 
Black walnut 9.60 10.92 1.32 
Manchurian walnut 9.60 10.96 1.36 
| 
Domestic walnut 9.60 10.66 1.06 
Almond 9.60 11.64 2.04 


Burnt almond } 9.60 9.92 0.32 








—18° C. (0° F.), placed in a cabinet at —12° C. (10° F.) and examined 
frequently for lactose crystallization. The results of this experiment are 
given in table 11. There are also included in this table data collected on 
samples of nut ice cream made in the regular manner, i.e., chopped nut 
meats added to the freezer. The nuts were added at the rate of 5 per cent 
by weight. Inspection of table 11 shows that lactose crystals appeared in 
the ice cream containing the dry or unsoaked nuts sooner than the ice cream 


made with the soaked nut meats. The time to lactose crystallization as 
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TABLE 11 
The influence of nut meats on the rate of lactose crystallization in ice cream 





KIND OF NUT TREAT- | WHEN ADDEDTO | TIME TO APPEARANCE 














MENT ICE CREAM OF LACTOSE CRYSTALS 

days 

Black walnut none after drawing 7 
soaked “ec “ce 17 

|} none in freezer 3 

Manchurian walnut none after drawing 7 
soaked ce ce 15 

none in freezer 3 

Domestic walnut none after drawing 7 
soaked o ” 17 

none in freezer 3 

Almond none after drawing 3 
soaked sis “in 17 

none in freezer 3 

Burnt almond | none after drawing 7 
soaked ag ” 15 

none in freezer 3 

0 


None none control 2 








given in this table was taken when lactose crystals were first observed. In 
every case crystals appeared adjacent to the nut meats before their pres- 
ence was noted throughout the entire mass. 

It was also possible to show a difference in lactose content in ice creams 
between samples frozen with and without nut meats, after 2 days in the 
hardening room. In this case the ice cream was carefully melted and the 
mix analyzed for lactose. 


The Influence of the Degree of Fat Globule Clumping on Lactose 
Crystallization in Ice Cream 


Ice cream mixes in which the fat globules are clumped are more viscous 
than mixes which contain a minimum amount of fat globule clumping. It 
would seem that in mixes of high viscosity the movement of the metacryotic 
liquid in the frozen ice cream would be less than in ice cream made from 
mixes of low viscosity. Since the rate of lactose crystallization in ice cream 
is dependent in good part on the rate of diffusion of the unfrozen constitu- 
ents, it may be predicted that lactose crystals will develop less readily in 
ice cream, the fat globules of which are clumped, than in ice cream which 
contains the fat in a well-dispersed condition. Experimental work was 
undertaken to demonstrate this point. 

An ice cream mix containing 13 per cent fat, 11 per cent milk-solids- 
not-fat, and 15 per cent sugar was divided into two parts. One batch was 
pasteurized at 65.5° C. (150° F.) for 30 minutes, then homogenized at that 
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temperature through a two-stage valve, using 2500 lbs. pressure on the first 
valve and 1000 lbs. on the second. A microscopic examination of this mix 
showed that there was practically no fat globule clumping. The other 
batch was treated to induce fat globule clumping, by homogenizing at a 
lower temperature and with one valve. In this case the pasteurization was 
conducted the same as above but the mix was cooled to 48.9° C. (120° F.) 
before homogenization with 2500 lbs. pressure on the one valve. Examina- 
tion of this mix showed extensive fat globule clumping. 

The two mixes were then frozen and samples placed in electric cabinets 
after being hardened. The ice cream was examined from time to time for 
lactose crystallization. The data collected during one such experiment are 
presented in table 12. 


TABLE 12 
The influence of fat globule clumping as caused by homogenization conditions on the 
rate of lactose crystallization in ice cream 








TIME OF APPEARANCE OF LACTOSE 
CRYSTALLIZATION 








FAT GLOBULES VISCOSITY 
Cabinet 1 Cabinet 2 
sec. days days 
Not clumped 164 11 17 
Clumped 161 31 31° 








*Sample discarded on this day—no crystallization. 


Inspection of table 12 shows that lactose crystals appeared first in the 
ice cream which was treated to prevent fat globule clumping. It will also 
be observed that this mix was of low viscosity. Crystallization was delayed 
by producing a mix of high viscosity by adjusting the homogenization pro- 
cedure to induce fat globule clumping. . 

Several investigators have shown the importance of various salts on 
the properties of ice cream, and have presented data which indicate that 
salts have a marked influence on fat globule clumping. The viscosity of ice 
cream mix is due in part to the extent of clumping. As far as could be 
ascertained, no work has been published on the effect of salts on the rate of 
erystallization of lactose in ice cream. 

A quantity of ice cream mix was divided into a number of batches of 
equal weight. There was added to each batch prior to pasteurization and 
homogenization, a known quantity of one of several salts dissolved in a 
small quantity of water. The mixes were all processed and frozen under 
the same conditions. Observations on the rate of lactose crystal develop- 
ment were recorded. These are summarized in table 13. 

Table 13 shows that the appearance of crystallized lactose in ice cream 
was postponed by the addition of the divalent elements, calcium and mag- 
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TABLE 13 
The influence of various salts on the rate of lactose crystallization in ice cream 





TIME TO LACTOSE CRYSTAL- 
KIND OF SALT SALT CON- FATGLOBULE | LIZATION 
ADDED CENTRATION | CLUMPING ACIDITY 





dxperiment1 | Experiment 2 





per cent per cent days days 





None ~ 0.22 25 18 
Calcium 

lactate 0.1 +++ 0.24 32 32 
Caleium 

lactate 0.05 ++4 0.23 36" 34? 
Magnesium 

lactate 0.1 +++ 0.23 39% 34 
Magnesium 

lactate 0.05 toe 0.22 39% 32 
Calcium | 

hydroxide ... | 0.1 ++ 0.16 25 22 
Caleium 

chloride 0.05 or 0.22 39° 29 
Sodium 

citrate 0.1 ~ 0.22 23 20 
Sodium 

bicarbonate 0.2 7 0.20 25 18 





*Samples disearded on day indicated; no crystals present. 


nesium, whereas sodium salts had no effect. It will be noted that the cal- 
cium and magnesium ions increased the degree of fat clumping in the mix. 
This action was very pronounced in some cases, especially when 0.2 per 
cent of the salt was added to the mix prior to homogenization. The increase 
in viscosity due to fat globule clumping probably decreased the rate of dif- 
fusion of the metacryotie liquid, thereby retarding crystallization of the 
lactose. The action of these salts cannot be attributed to the change in 
acidity, as it has been shown by several workers (4) (14) (21) that the 
acidity has no significant effect on the rate of lactose crystallization. 


SUMMARY 


A brief review of the theories concerned with the crystallization of lac- 
tose in ice cream has been presented, including a discussion of the properties 
of supersaturated lactose solutions, isomeric forms of lactose, and the rate 
of diffusion in ice cream at low temperatures. 

Four methods of detecting crystallized lactose in ice cream were studied. 
The microscopic method has been given in detail because of its employment 
in this research. 

The following factors and their influence on lactose crystallization in 
ice cream were discussed: Composition of the mix, freezer operation, rate 
of hardening, method of packaging, development of crystals throughout the 
mass of ice cream, temperature fluctuations, mechanical shocks, presence of 
seed or nuclei, mix pasteurization temperature, presence of nut meats and 
extent of fat globule clumping. 
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A STUDY OF THE PHOSPHORUS REQUIREMENT OF 
DAIRY CATTLE 


I. PHospHorvus REQUIREMENT FOR GROWTH AND REPRODUCTION FROM THREE 


Montus or AGE To First Catvine! 


C. F. Hurrman, C. 8S. Ropinson, C. W. Duncan, L. W. LAMB, AND M. F. Mason 
Departments of Dairy Husbandry and Chemical Laboratory, 
Michigan State College, East Lansing 


In previous reports from this Station (1) (2) it was shown that dairy 
eattle fed liberally on palatable hay along with a grain mixture containing 
a high phosphorus protein concentrate received sufficient calcium and 
phosphorus for the production of at least 10,000 pounds of milk a year. 
However, Huffman and Taylor (3) in 1924 while studying depraved ap- 
petite of cattle under field conditions observed that phosphorus deficiency 
occurred among milking cows which received legume roughage supple- 
mented with the cereal grains. This observation suggested that possibly a 
home grown ration consisting of low phosphorus alfalfa hay, corn silage 
and corn might be used as a basis for studying the phosphorus requirement 
of dairy cattle, since such a ration furnished sufficient protein and energy 
for growth in young animals and for the production of about 40 pounds of 
milk per day in lactating cows (4). 

Fourteen grade Holstein heifers are being used in this investigation. 
These animals were started on experiment at 90 days of age and will be con- 
tinued through three lactation periods to determine the effect of a low phos- 
phorus ration on growth, health, reproduction, and milk production when 
alfalfa furnishes the principal source of protein. The present report pre- 
sents the data to first calving. 


LITERATURE CITED 
Symptoms of Phosphorus Deficiency 


An extensive review of the literature giving the symptoms of phosphorus 
deficiency has been given by Eckles, Becker and Palmer (5), Henderson 
and Weakley (6), Seott (7), and Orr (8). Consequently, only the most 
outstanding symptoms of phosphorus deficiency will be reviewed in this 
paper. 

Henry (9) described the typical symptoms of phosphorus deficiency 
among cattle in Australia as stiffness in the hind quarters, swelling of the 
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1 Journal Article No. 108 (N. 8.) from the Michigan Agricultural. Experiment 
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joints, a harsh dry coat, dull eyes, unthrifty general appearance, perverted 
appetite, leg and rib bones easily broken (soft bones in some, brittle in 
others) and decreased milk yield. Welch (10) emphasized depraved ap- 
petite. He also attributed the high abortion rate on affected farms to 
phosphorus deficiency. Tuff (11) referred to paralysis as a common occur- 
rence among animals suffering from phosphorus deficiency. 

Theiler and associates (12) observed depraved appetite for bones as the 
principal symptom of phosphorus deficiency. They also found that a lack 
of appetite for normal food was associated with phosphorus deficiency, and 
that cattle under such conditions did not make good use of their food for 
body gains. 

Growth 

Kellner (13) computed the phosphorus retention of growing calves as 
8.3 grams of phosphorus per day during the first year. He stated that the 
feed should contain from two to three times as much as required by the body 
or from 16.6 to 24.9 grams of phosphorus per day. 

Lawes and Gilbert (14) reported that a calf contained 1.2 per cent cal- 
cium and 0.67 per cent phosphorus. Armsby (15) computed from Lawes 
and Gilbert’s analysis of the ash of the entire body of farm animals that 
during the first year, cattle retain 8.14 grams of phosphorus per day. This 
figure agrees with Kellner’s. 

Henderson and Weakley (6) studied the effect of different levels of 
phosphorus in the ration on the growth of dairy heifers. These workers 
found that a ration containing less than 0.20 per cent phosphorus gave rise 
to bones which were low in ash and therefore low in calcium and phos- 
phorus. 

Theiler, Green and du Toit (16) in studying the mineral requirements 
in cattle found that a ration supplying 2.23 grams of phosphorus and 4.99 
grams of calcium per day was deficient. Animals from 12 to 18 months of 
age withstood this level of mineral intake for three to six months. They 
then showed symptoms of mineral deficiency disease. 

These investigators also fed two heifers the basal ration supplemented 
with 25 grams of bone meal daily which increased the phosphorus intake to 
about five grams per day which resulted in fair growth. When 100 grams 
of bone meal were added to the basal ration and the phosphorus increased 
to about 13 grams daily good growth and reproduction resulted. Also the 
addition of two pounds of wheat bran daily to the basal ration resulted in 
fair growth in body weight even though the calcium intake was only about 
six grams and the phosphorus about 11 grams per day. 

Theiler and co-workers (17) stated that in any given diet it is the per- 
centage of phosphorus in relation to the total feeding value which is of im- 
portance in determining osteophagia. They also found that with cattle 
grazing on the veld a daily consumption of about 11.79 grams of phosphorus 
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was regarded as somewhere about the point at which osteophagia could de- 
velop or disappear in grazing cattle of 1000 pounds live weight. They stated 
that for old oxen the intake of 11.79 grams of phosphorus per 1000 pounds 
was probably more than enough to prevent bone chewing, while for young 
cattle or milking cows this intake was certainly too low. These workers re- 
ported a marked increase in rate of growth by the addition of bone meal to 
phosphorus deficient rations. 


Calcium-Phosphorus Ratio 


The calcium-phosphorus ratio in the diet has been the subject of many 
investigations. McCollum and co-workers (18) showed the effect of varying 
the ratio of calcium to phosphorus in the diet on the histological picture of 
the bones. 

McCollum, Simmonds, Shipley and Park (19) observed that the ratio 
between calcium and phosphorus in the diet may, within certain limits, be 
of greater significance to the welfare of the animal than the absolute 
amounts of these substances contained in the diet. Bethke and co-workers 
(20) working with chickens found that the optimum or nearly optimum 
caleium-phosphorus ratio lies between 3:1 and 4:1. 

Haag and Palmer (21) after studying the effects of variation in the pro- 
portions of calcium, magnesium and phosphorus in the diet of rats con- 
cluded that the general trend of their results left no doubt that a more or 
less balanced condition of calcium, magnesium, and phosphorus salts in the 
ration was essential to normal growth and functioning. 

Meigs and co-workers (22), using four lactating cows, concluded that 
phosphorus assimilation may be interfered with by an excess of calcium 
in the ration and that two parts or more by weight of calcium to one of 
phosphorus constituted an excess. Turner, Harding and Hartman (23) 
working with two cows found a better assimilation of calcium from alfalfa 
hay than from clover. Their metabolism data suggested a better assimila- 
tion of calcium and phosphorus when the value of the caleium-phosphorus 
ratio was 1:1.25 than when it was 1:2.5. 

Seott (7) found that the proportion of calcium to phosphorus in the 
food supply was a factor in regulating the amount of phosphorus retained 
by the growing animal. He drew attention to the fact that on a trical- 
ciumphosphate basis the legumes have a large excess of calcium over that 
required for chemical combination with phosphorus. He also found that 
wild grasses from areas free from phosphorus deficiency showed an excess 
of phosphorus over calcium, but that corresponding samples from areas 
affected with phosphorus deficiency showed an excess of calcium. 

Recent work of Haag, Jones and Brandt (24) indicates that a calcium- 
phosphorus ratio of 10.5 is no more detrimental than one of 7.6. 
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Reproduction 


Tuff (11) observed in deficient areas in Norway that in seasons of low 
rainfall reproductive troubles increased. Eckles, Becker and Palmer (5) 
found that in the phosphorus deficient areas in western Minnesota consid- 
erable troubles were encountered with breeding. On many farms some 
cows produced but one calf in two years. Heifers did not show signs of 
estrum until two years of age. The average calf crop in the most severely 
affected districts after a dry season was estimated at less than 50 per cent 
of the normal. 

Theiler and associates (16), after studying the breeding of cows 
on phosphorus deficient pasture for two years, found that in a group not 
receiving a phosphorus supplement on pasture only 51 per cent of the cows 
ealved normally, as compared with 80 per cent in a group receiving bone 
meal. Calves from cows receiving bone meal and fed bone meal after wean- 
ing were far superior at one year of age to those from control cows which 
did not receive bone meal after weaning. 

Orr (25) stated that in areas where there was a general poverty of min- 
erals the rate of growth of the young animal was slow and that the milk 
yield of cows was low. 

Welch (10) attributed high abortion rate on affected ranches as being 
due to a lack of phosphorus. 


Relation of Alfalfa to Phosphorus Deficiency 

Several investigators have reviewed the work showing the calcium and 
phosphorus content of grasses and hay from affected and unaffected regions 
—KEckles and associates (5), Hart (26), and Seott (7). 

In this report only the composition of alfalfa and its relation to phos- 
phorus deficiency will be considered, due to the greater prevalence of phos- 
phorus deficiency in Michigan among animals fed alfalfa hay as the prin- 
cipal source of protein. The phosphorus-nitrogen ratio is probably an 
important factor responsible for this phenomenon. We are not interested 
in the phosphorus content of timothy hay and the other low protein rough- 
ages because such roughages require protein concentrates rich in phos- 
phorus as supplements in order to meet the need for growth and milk pro- 
duction of dairy cattle. In order to show the relation of alfalfa to 
phosphorus deficiency the following table has been prepared from a limited 
number of analyses showing the calcium, phosphorus, and nitrogen content 
of alfalfa from various sections of the United States. 


Relation of Vitamin D to Phosphorus Requirement of Cattle 


Investigations at the Pennsylvania Agricultural Experiment Station 
(42) and recent work at the University of Wisconsin (43) and the Michi- 
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Showing calcium, phosphorus, and nitrogen content of alfalfa hay from different sections 
of the United States as reported in the literature 











LOCATION Ca P | N | Ca/P N/P 
Minnesota (5) P-deficient 1.89 0.193 9.8 
oe unaffected 1.76 0.257 6.8 
” 27 P-deficient 0.122—0.258 
ss unaffected 0.201-0.306 
ved no treatment 0.363 4.51 12.4 
a P treatment 0.485 4.59 9.5 
Montana, 1925 (28) | P-deficient 1.72 0.109 15.8 
a i unaffected 0.181 
- 1927 unaffected 0.164 
ea ia lst cutting, 
unfertilized 0.161 2.7 17.3 
sa ™ 1st cutting, 
fertilized 0.203 3.00 14.8 
a sit 2nd cutting, 
unfertilized 0.179 3.25 18.1 
si “ 2nd cutting, 
fertilized 0.221 3.47 15.7 
Michigan (29) 1.60 0.178 2.42 9.0 13.6 
Kentucky, 1928 (30) | Mayfield, 
West Ky. 0.90 0.250 2.38 3.6 9.5 
“ 1930 Campbellsville 2.34 0.156 2.72 15.0 17.4 
o¢ es Princeton 2.04 0.165 2.81 12.4 17.0 
Oregon (24) 1.16 0.153 2.06 7.6 13.5 
Wisconsin (26) P-deficient 0.143 
- (31) 3.09 0.270 11.4 
" (32) 1.83 0.226, 1 
” (33) 2nd cutting— 
cured under 
cap 1.30 0.320 4.1 
66 green air dried 1.02—1.47 0.25-0.32 4.1+4..6 
Nevada (34) not irrigated 1.67 0.175 2.32 9.5 13.5 
ola irrigated 1.27 0.220 2.50 5.8 11.4 
Maryland (22) good alfalfa 2.266 0.169 2.095 13.4 12.4 
- poor alfalfa 1.925 0.172 2.004 11.2 11.6 
ni 0.943 0.326 . | 2.45 2.9 7.5 
Louisiana (35) lst cutting 0.267 2.49 9.3 
- 2nd cutting 0.297 2.57 8.7 
- 3rd cutting 0.315 3.11 9.9 
South Carolina (36) | Peruvian 1.93 0.246 7.9 
sai _ Kansas 1.80 0.272 6.6 
“i i Dakota 1.49 0.277 5.4 
Ohio (37) Ist cutting 1.685 0.280 6.0 
™ 2nd cutting 1.166 0.230 5.1 
- fertilized 1.512 0.290 5.2 
wie unfertilized 1.649 0.273 6.0 
«« (38) 1.202 0.172 2.334 7.0 | 13.5 
se (39) 1.156 0.206 2.342 5.6 11.4 
se (40) 1.130 0.238 4.7 
Washington (41) + bloom 1.259 0.176 7.2 
a 4 bloom 1.408 0.160 8.8 
” } bloom 1.311 0.129 10.2 








gan Agricultural Experiment Station (44) indicates that the vitamin D 


requirement of calves is greater than has been believed heretofore. 


Results 


at the Michigan Station show that calves fed a rachitie ration and kept 
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away from sunshine develop rickets, while calves on the same basal ration 
and exposed to sunshine do not develop rickets. The vitamin D content 
of the ration and the exposure of the animals to sunlight probably affect 
the phosphorus requirement. 

According to Steenbock, Hart, Elvehjem and Kletzien (45) the anti- 
rachitie potency of hay can be increased by exposure to ultra-violet light. 
Recent results at the Michigan Station (44) show that hay cured in the sun 
contains sufficient vitamin D to protect calves from rickets when fed 
a ration low in this vitamin. The importance of the vitamin D content of 
sun-cured hay as well as the value of sunshine must be taken into consid- 
eration in determining the calcium and phosphorus requirements of dairy 
eattle. According to Eckles and associates (5) the usual period of most 
severe depraved appetite is from February to May. 


Blood Picture in Phosphorus Deficiency 

Meigs, Blatherwick and Cary (46) have reported variations in inorganic 
blood phosphate due to (a) changes in the phosphorus content of the ration, 
(b) inereasing age, (c) pregnancy and (d) lactation. They found the in- 
organic blood phosphorus to be highly variable, not only from animal to 
animal, but also in the same animal examined at different times. We (47) 
have previously indicated that the amount of phosphorus in the diet 
of dairy cattle has a-marked influence on the inorganic blood phosphate. 
Theiler, Green and du Toit (16) were the first to produce an experimental 
**Styfsiekte’’ in young heifers by feeding a ration very low in phosphorus. 
They reported 5.2 mg. per cent of inorganic phosphorus in the blood as 
normal while their experimental animals had blood values as low as 1.3 mg. 
per cent. Palmer and Eckles (48) have reported low inorganic phosphate 
values (mean value 1.85 mg. per cent) of animals raised in a phosphorus 
deficient region. Malan, Green and du Toit (49) have shown that heifers 
raised on phosphorus deficient pastures up to two years of age have had an 
average blood phosphate value of 2.3 mg. per cent, while cows have had 
values as low as 1.0 mg. per cent. The results from the investigation of 
Henderson and Weakley (6) show that as soon as the phosphorus in the 
feed is lowered, the inorganic blood phosphorus is decreased. They have 
shown changes from 8.15 and 7.93 mg. per cent to 4.86 and 4.35 mg. per 
cent, respectively, in a period of four days. 


EXPERIMENTAL 
Two groups of seven grade Holstein heifers each were placed on experi- 
ment at 90 days of age to determine the phosphorus requirement of dairy 
eattle for growth, reproduction, milk production, and health over a period 
of five years when alfalfa furnished the principal source of protein. The 
heifers in lot I, D3, D5, D7, D9, D11, D13, and D15, were fed the basal 
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ration low in phosphorus. Those in lot II, D2, D4, D6, D8, D10, D12, and 
D14, were fed the basal ration supplemented with steamed bone meal. 

The animals in both groups were all sired by the same bull and were 
from cows which were closely related. Heifers D3 in lot I and D14 in lot 
II were full sisters. Also, D5 in lot I and D12 in lot II were full sisters. 

The animals were divided into the two groups according to the milk pro- 
duction of their dams rather than on the basis of body weight since we were 
more interested in the phosphorus requirement for milk production than 
the phosphorus requirement for growth. This accounts for the slight 
weight advantage given the heifers in lot II at the beginning of the experi- 
ment. 

History of Calves from Birth to 90 Days of Age 


The calves used in this investigation were fed whole milk from birth to 
about eight weeks of age and skimmilk after eight weeks of age. A mix- 
ture of equal parts of yellow corn and oats by weight and alfalfa hay were 
fed ad lib. from birth to 90 days of age. Ten cubic centimeters of cod-liver 
oil per day were also fed during this period. The calves were turned into 
a dry lot for exercise and sunshine daily when the weather would permit. 


Rations 


Lot I was fed the basal ration low in phosphorus which consisted of 
alfalfa hay, corn silage, yellow corn, and salt. Lot II was fed the same 
basal ration supplemented with special steamed bone meal. Both lots were 
fed skimmilk to about 110 days of age. 

The heifers in lot I were fed a ration containing about 0.2 per cent of 
phosphorus and those in lot II were fed about 0.41 per cent of phosphorus 
on the dry matter basis. Lot II were fed an optimum phosphorus ration 
according to McCollum (50). 

The animals in both groups were turned into a dry lot daily for exercise 
and sunshine. During good weather the calves remained in the lot about 
seven hours per day during the spring, summer, and fall. During the win- 
ter this time was reduced. 

Water intake was measured by means of water meters after the heifers 
were placed in stanchions at about one year of age. Before this time they 
were watered from a tank in the exercise lot and the water consumption 
estimated. The phosphorus intake of the heifers in lot I varied from 5.7 
to 9.9 grams and in lot II it varied from 10.3 to 19.7 grams daily during 
the first 18 months. 

Feeds Used 

Sun-cured alfalfa hay with a phosphorus content of less than 0.2 per 
cent phosphorus was fed to the animals in both lots. An attempt was made 
to obtain alfalfa hay containing at least 15 per cent protein. The alfalfa 
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hay was ground before being fed in order to facilitate weighing and to in- 
sure even consumption. No. 2 ground yellow corn was used. All feeds fed 
were weighed and recorded. Any refused feed was weighed back. Total 
feed consumption from three to 18 months is shown in table 2. Average 
feed consumption is shown by three-month periods in table 3. The feeds 
were analyzed for calcium, phosphorus, and protein from time to time. 


Growth 


The animals were weighed at 10-day periods to 15 months of age. After 
15 months of age they were weighed on three consecutive days at the begin- 
ning of each month and an average of the weights was used. The animals 
were weighed in the morning before feeding. Growth in height at withers 
was measured each month. 

The gain in body weight, height at withers, and nutrients consumed by 
individual animals from three months to 18 months are shown in table 2. 
Since the body weights and heights at withers of the two groups varied 
slightly at 90 days of age the effect of the low phosphorus ration on growth 
is best shown in the above table. Growth in weight was not considered 
after 18 months because of the effect of gestation. 

The average growth of the two lots from birth to 24 months of age by 
three month periods is shown in table 3. 


Reproduction 


The animals were negative to Brucella abortus infection. No reproduc- 
tive disturbances due to a lack of phosphorus in the ration were encoun- 
tered during the first gestation period. 


Appetite 

Pica or depraved appetite: The animals in both lots were tested for bone 
chewing from time to time to first calving. They were also observed for 
wood chewing, hair chewing, or for any other abnormal cravings. 

D3 and D135 in lot I which received the ration low in phosphorus mani- 
fested the most pronounced depraved appetite for bones and wood from 90 
days to first calving. However, this condition, although manifested, was 
not so marked in heifers D5, D7, D9, D11 and D13 of lot I. 

The animals in lot II which received the basal ration supplemented with 
bone meal showed a slight amount of wood chewing soon.after being placed 
on experiment. This condition soon cleared up and probably was not due 
to the phosphorus level in the ration. 

Anorexia or lack of appetite: The animals in lot I (low phosphorus 
group) had poor appetite for roughage when compared with those in lot II 
(high phosphorus group). This difference is shown in table 2. 
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Health 


Other than the difference in depraved appetite and lack of appetite for 
roughage there was very little difference between the low and high phos- 
phorus animals as far as health and appearance were concerned. 


Blood Analysis 


The analysis of the blood of both groups of heifers were made for cal- 
cium and inorganic phosphorus at 90 days of age and have been continued 
at two-week intervals since that time. A study has been made of the 
changes which have been produced on blood calcium and phosphorus by the 
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rations during (a) growth, (b) pregnancy and (c) lactation. This report 
deals with growth and pregnancy up to the time of first parturition. 


Time of Taking Blood Samples 


The blood samples were taken under as uniform conditions as possible. 
The animals were kept in the barn at night and were bled in the morning 
about three hours after being fed. In this way the effect of exercise was 
reduced to a minimum; however, some animals struggled severely prior to 
bleeding. Havard and Reay (51) have pointed out that ordinary move- 
ments cause large variations of the inorganic phosphate in human blood. 
Palmer and co-workers (52) have reported that (a) exercise causes a 
marked change in the blood phosphate of cattle, (b) feeding causes the in- 
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organic blood phosphate values to rise within an hour and apparently they 
do not return to normal until after three hours. This may explain some 
of the abnormal values which we have recorded. 


Method of Analysis 


The blood used for analysis was drawn from the jugular vein, without 
stasis, in a tube containing a small amount of lithium citrate. The blood 
was immediately centrifuged and the plasma was removed for analysis. 
For calcium and phosphate determinations, the proteins were precipitated 
with trichloracetic acid and then centrifuged for ten minutes to complete 
the precipitation. The supernatant liquid was filtered and the clear filtrate 
was used for analysis. Calcium was determined from 10 ce. aliquots of fil- 
trate (equivalent to 2 cc. of plasma) by neutralizing to methyl-red as recom- 
mended by Shohl (53), by a modification of the Kramer-Tisdall method 
(47). Inorganie phosphate was determined from five ce. aliquots of filtrate 
by the Briggs (54) modification of the Bell-Doisy method. 

A composite curve for the two groups from three to 18 months of age and 
for 23 weeks prior to calving is shown in figure 1. 


DISCUSSION 


The purpose of this investigation is to determine the phosphorus require- 
ment of dairy cattle when fed alfalfa hay as the principal source of protein 
along with corn silage and corn. This type of ration furnishes sufficient 
protein and energy for normal growth and milk production to about 40 
pounds of milk per day. However, phosphorus deficiency in Michigan (in- 
dicated by depraved appetite) usually occurs when the ration is made up of 
alfalfa hay, cereal grains with or without silage. 

Alfalfa hay is rich in nitrogen which stimulates growth and milk pro- 
duction, but alfalfa hay is low in phosphorus and dees not furnish sufficient 
phosphorus to meet the increased requirement. The phosphorus analyses 
in table 1 indicate that alfalfa hay grown in many localities is low in 
phosphorus. When alfalfa hay is supplemented with protein concentrates 
high in phosphorus such as wheat bran, cottonseed meal, linseed meal, soy 
bean oil meal or corn gluten meal there is less likelihood of encountering 
a phosphorus deficiency among dairy cattle. Alfalfa hay containing less 
than 0.2 per cent phosphorus was used in this investigation. The heifers 
in lot I suffered from a lack of phosphorus from three months of age to 
18 months of age as shown by depraved appetite for bones and wood, also 
by the lack of appetite for alfalfa hay and corn silage. 

The inorganic blood phosphorus of the heifers in lot I (low phosphorus 
ration) also indicated a phosphorus deficiency. The composite results of 
the blood pictures of the fourteen animals are shown graphically in fig- 
ure 1. A decided difference is shown in the blood pictures of the two 
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groups. The outstanding characteristic of the blood of all the animals 
on the low phosphorus ration was the immediate drop of the inorganic 
blood phosphorus from an average value of 6.9 mg. per cent to 4.2 per 
eent within one month. After the initial drop, the blood phosphorus 
gradually increased until it had reached an average maximum value of 7.3 
mg. per cent by the time the animals were nine months of age. From nine 
months of age until the animals were 18 months of age there was a tendency 
for the blood phosphorus to decrease. In comparison with the normal 
group, the blood phosphorus values did not at any time come up to the 
normal values during the first 18 months. 

As soon as the animals in lot II (normal phosphorus ration) were placed 
on the experiment, the average blood phosphorus value decreased tem- 
porarily from 7.4 to 6.6 mg. per cent and then increased to 8.0 mg. per 
cent. It should be noted that the increase in blood phosphorus was not due 
to an increase in phosphorus in the ration but probably due to the change 
in the ration from milk to steamed bone meal. Such observations have been 
previously reported (47). Large fluctuations were common during the 
period up to nine months of age, at which time the average maximum value 
was 8.3 mg. per cent. From 9 to eighteen months of age there was a ten- 
dency for the blood phosphorus curve to decrease. 

The blood calcium of cattle has usually been considered fairly constant 
irrespective of the variations in the intake of calcium. Blatherwick (55), 
however, has reported a higher value for blood calcium when an animal was 
on a diet of alfalfa hay than when on a ration of corn silage or grain. He 
believed this to be due to the greater quantity of calcium in the alfalfa. 
Our animals in lot I did not consume the quantity of alfalfa hay that the 
animals in lot II consumed but the blood calcium values did increase during 
the first three months to an average maximum value of 13.4 mg. per cent. 
There was a gradual decrease from that time until the animals had become 
18 months of age. It is interesting to note that the blood calcium curve 
remained above that of the normal group in spite of the fact that the 
average hay consumption of lot I was less than that of lot I]. The highest 
calcium values occurred during the period when the inorganic phosphorus 
values were the lowest. 

Although the heifers in lot I showed evidence of phosphorus deficiency 
yet they made just as good growth in height at withers from three months 
to 18 months as those in lot II fed the basal ration supplemented with 
enough bone meal to bring the phosphorus in the ration up to 0.41 per 
cent of the dry matter which McCollum (50) considered an optimum level. 
However, the animals in lot II made an average gain of 66 pounds more 
per head in body weight than those in lot I on the low phosphorus ration. 
This difference was probably due to the lack of appetite for roughage ex- 
hibited by the low phosphorus animals. 
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The seven heifers in lot I consumed 2,318 pounds of digestible protein 
and 17,867 pounds of total digestible nutrients, while those in lot II con- 
sumed 2,491 pounds of digestible protein and 19,252 pounds of total di- 
gestible nutrients from three months to 18 months of age. The seven heifers 
in lot I consumed 1,073 pounds of alfalfa hay and 3,853 pounds of corn 
silage less than was consumed by those in lot II. 

Apparently a phosphorus intake of from 5.7 to 9.9 grams daily during 
the first 18 months was not sufficient for normal physiological functioning 
under the conditions of this experiment. When alfalfa furnishes the prin- 
cipal source of protein along with silage and corn the calcium-phosphorus 
ratio is high. In lot I the caleium-phosphorus ratio varied from about 4: 1 
to 6:1. We were unable to determine the effect of this factor on the amount 
of phosphorus required since by the addition of bone meal to the ration of 
the animals in lot II the calcium-phosphorus ratio was usually reduced to 
between 3:1 and 4:1. The optimum calcium-phosphorus ratio for grow- 
ing calves has not been determined. 

Also, in determining the phosphorus requirement of growing dairy 
cattle, the vitamin D level of the ration should be considered. Recent ex- 
perimental results (42) (43) (44) show that calves require vitamin D, and 
that they can use ultra-violet light from the sun. Consequently, heifers 
turned into sunshine daily would probably require less calcium and phos- 
phorus in their ration than heifers kept out of sunshine. In this experi- 
ment the heifers received about seven hours of sunshine daily when the 
weather would permit. We also fed five pounds of alfalfa hay cured in the 
sun which furnished some vitamin D. Steenbock and co-workers (45) have 
demonstrated that irradiated hay possesses antirachitic properties. Recent 
results at the Michigan Station (44) indicate that sun-cured timothy hay 
furnishes sufficient vitamin D to protect calves kept out of sunshine from 
developing rickets. 

Henderson and Weakley (6) reported that heifers fed six pounds of hay 
per day on a low phosphorus ration and also kept out of sunshine developed 
badly worn teeth. However, in our experiment the heifers in lot I received 
less phosphorus per day than reported by Henderson and Weakley, yet 
their teeth are normal. The differences between our results and those of 
Henderson and Weakley can probably be explained on the basis of exposure 
to sunlight, since these investigators also observed worn teeth among their 
heifers receiving a high phosphorus ration. It is likely that six pounds 
of hay cured in the sun does not furnish an optimum amount of vitamin D 
for growing heifers. 

Theiler and co-workers (16) secured fair growth in two yearling heifers 
fed about five grams of phosphorus per day. These investigators stated that 
their animals were turned into brilliant sunshine daily. No doubt the 
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amount of sunshine and the amount of sun-cured hay in the ration influ- 
ence the phosphorus requirement. Had we fed more hay, or hay in place of 
silage, the phosphorus received by the heifers in lot I might have been 
sufficient. 

Under the conditions of this experiment about 10 grams of phosphorus 
per day appeared sufficient to maintain the blood phosphorus of the heifers 
in lot II from three to six months of age. It is unfortunate that we used 
0.41 per cent of the dry matter in the rations as phosphorus as our standard 
for optimum. These animals in all probability received entirely too much 
phosphorus in their ration as they became older. 

Most of the heifers in lot I were normal at about 18 months of age and 
the blood phosphorus values remained as high as that of the heifers in lot IT 
during pregnancy, although lot II received about twice as much phosphorus. 
These results suggest that the phosphorus requirement of a growing heifer 
is not in proportion to body weight. Table 3 shows that the grams of 
phosphorus in the ration per 100 pounds of live weight were about 2.2 
grams from three to six months of age for the heifers in lot I, during which 
time they showed evidence of the greatest phosphorus deficiency, while at 
18 months of age when they were normal only about 1.5 grams of phos- 
phorus were fed per 100 pounds of live weight. This was true even though 
the animals were pregnant and some phosphorus was required for fetal 
development. 

Theiler (16) was of the opinion that the phosphorus requirement was 
slightly reduced with age. There is a possibility that the phosphorus re- 
quirement for growth depends quite largely on the rate of growth rather 
than on the basis of body weight. Hogan and Nierman (56) analyzed the 
bodies of new born calves, at 3, 8, 40, 45, and 48 months of age, for calcium 
and phosphorus. Some animals were in good condition and some in medium 
and poor condition. The degree of fatness affected the percentage of calcium 
and phosphorus in the animal but for the cattle of about the same condition 
of flesh the per cent of these two elements remained fairly constant for all 
ages. This indicates that the rate of growth is a good criterion to use in 
determining the phosphorus requirement for growth. Although the phos- 
phorus required for maintenance is not known, nevertheless it must be very 
low viewed in the light of Theiler’s results when five grams of phosphorus 
per day not only furnished enough for maintenance but also sufficient for 
fair growth and reproduction over a period of two years. In table 4, 
using the data presented by Hogan and Nierman (56), we have estimated 
the amount of phosphorus required for normal gain in body weights accord- 
ing to Eckles’ normals (57). The gain in body weights of our heifers, 
however, presents almost a straight line since our animals did not grow at a 
normal rate during the first year of the experiment. 
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TABLE 4 
Showing phosphorus requirements for normal growth to 18 months of age, based on 
Eckles’ normals and Wilson’s requirements for maintenance and growth 


AVE. 








4 -3 - > ID P REQUIRE-* TOTAL P 
ace | monmeeas "MENT POR coy DAILY MENT FOR REQUIRE- 
| | MAINTENANCE | weicnt| GAIN at GAIN MENT 
Months Ibs. gms. Ibs. gms. gms. gms. 
Birth 90 .64 
1 121 86 1.03 3.04 6.08 6.94 
2 157 1.11 1.20 3.54 7.08 8.19 
3 200 1.42 1.43 3.16 6.32 7.74 
+ 249 1.77 1.63 4.80 9.60 11.37 
5 302 2.14 1.77 5.22 10.44 12.58 
6 349 2.48 1.63 4.80 9.60 12.08 
7 389 2.76 1.33 3.92 7.84 10.60 
8 425 3.02 1.20 3.54 7.08 10.10 
9 466 3.31 1.37 4.04 8.08 11.39 
10 501 3.57 1.17 3.45 6.90 10.44 
11 529 3.76 93 2.7 5.48 9.24 
12 558 3.96 97 2.86 5.72 9.68 
13 574 4.08 53 | 1.56 3.12 7.20 
14 596 4.23 73 1.90 3.80 8.03 
15 612 4.35 53 1.56 3.12 7.47 
16 643 4.57 1.10 3.24 6.48 11.05 
17 660 4.69 7 1.68 3.36 8.05 
18 686 4.87 87 2.57 5.14 10.01 


| 





* Eckles’ Normals (57). 
* Wilson’s Requirements for Maintenance (61). 
* Twice the phosphorus in gain. 





The phosphorus requirement in the ration according to Kellner’s idea 
should be two to three times the retention. Twice the amount of phosphorus 
required for normal body growth would probably furnish sufficient phos- 
phorus for a young normal growing calf but with increase in size and with 
decrease in rate of growth this figure would not suffice. 

Under Michigan conditions our data indicate that 10 grams of phos- 
phorus per day furnishes sufficient phosphorus to first calving, especially 
when calves are fed whole milk for two months, five pounds of sun-cured 
alfalfa hay per day and turned into sunshine daily. No doubt with more 
vitamin D in the ration the animals could get along with much less phos- 
phorus, but with less vitamin D than was furnished, under the conditions 
of this experiment, the phosphorus level in the ration should probably be 
more than ten grams per day to first calving. 

The phosphorus levels fed to the heifers in lots I and II produced no 
effect on the age of the animal at first heat period, days the calf was carried, 
and the weight and strength of calves at birth. Apparently an intake of 
10 to 12 grams of phosphorus per day is about sufficient to support main- 
tenance, normal growth, and gestation from 18 months of age to first calving. 

Theiler (16) and Eckles and co-workers (5) have reported that rations 
low in phosphorus do not support normal reproduction. It is apparent that 
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the level of phosphorus fed to the heifers in lot I was fairly low in phos- 
phorus but was not sufficiently low to affect reproduction. 

During the gestation period the blood curve of the low phosphorus group 
follows very closely to the curve of the normal group. The blood calcium 
and inorganic phosphorus values were within the normal limits in both 
groups. Throughout pregnancy there is a greater demand for both calcium 
and phosphorus for the growth and development of the fetus. An examina- 
tion of the composite blood curves indicates that the calcium and the phos- 
phorus requirement were being met during the early months of pregnancy. 
During the latter months, the curves show that the calcium requirement 
was apparently adequate but the animals on the low phosphorus ration were 
evidently receiving barely enough phosphorus for the needs of the cow and 
fetus. 

The curves also show the usual tendency of the blood calcium and inor- 
ganic phosphorus to be slightly subnormal during the terminal months of 
pregnancy (52) (58) (59) (60). The average blood calcium values of the 
normal and low phosphorus groups immediately following parturition were 
10.0 mg. and 10.8 mg. per cent respectively, while the average blood phos- 
phorus values were 4.5 and 4.2 mg. per cent respectively. 


SUMMARY 


(1) This experiment was designed to determine the phosphorus re- 
quirement of dairy cattle when a ration of alfalfa hay with less than 0.2 
per cent phosphorus, corn silage, and corn was fed. 

(2) The low phosphorus ration caused an immediate lowering of the 
inorganic blood phosphorus. These values remained lower than normal 
during the first eighteen months of age. 

(3) The blood calcium values were highest during the time that the 
phosphorus values were lowest. The calcium values were slightly higher 
than the normal values during the first 18 months of age but were still 
within normal range. 

(4) Other symptoms of phosphorus deficiency exhibited by the heifers 
in lot I (low phosphorus ration) were depraved appetite and a reduced 
appetite for hay and silage. 

(5) The ration fed the heifers in lot I which contained from 5.7 to 9.9 
grams of phosphorus per day from three to 18 months of age was insuffi- 
cient when the calcium-phosphorus ratio was from 4:1 to 5:1 and when 
the sources of vitamin D were five pounds of sun-cured alfalfa hay and 
sunshine. 

(6) Ten and three tenths grams of phosphorus per day appeared to 
furnish sufficient phosphorus for the heifers in lot II fed the basal ration 
supplemented with bone meal from three to six months of age. 
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(7) Ten to 12 grams of phosphorus daily furnished sufficient phosphorus 
for normal growth, maintenance, and for the development of the fetus from 
18 months of age to first calving as indicated by blood phosphorus and the 
strength and size of calves at birth. 

(8) During gestation the blood calcium and phosphorus values were 
normal for both groups. The blood phosphorus values of both groups 
decreased markedly immediately prior to parturition. 

(9) The phosphorus requirement for growth is not directly proportional 
to body weight but probably depends on the rate of growth. Consequently, 
the method used in this experiment of feeding about 0.2 per cent of the dry 
matter as a low phosphorus ration to the animals in lot I and 0.41 per cent 
phosphorus as optimum phosphorus level to those in lot II is not a satisfac- 
tory method of studying phosphorus requirement for growth. However, 
under practical farm conditions in which alfalfa hay and the cereal grains 
furnish protein and energy, calves consume more food as they grow older 
even though the rate of growth declines. 


REFERENCES 

(1) Resp, O. E., and HurrmMan, C. F. The results of a five year mineral feeding inves- 
tigation with dairy cattle. Mich. Agr. Exp. Sta. Technical Bul., 105. 1930. 

(2) Hurrman, C. F., Ropinson, C. 8., and Winter, O. B. The calcium and phosphorus 
metabolism of heavy milking cows. JOURNAL or Darry SCIENCE, 13: 432-448. 
1930. 

(3) Hurrman, C. F., and Tayior, G. E. Depraved appetite in dairy cattle. Mich. 
Quart. Bul. 8: 174-177. 1926. 

(4) Hart, E. B., and Humpurey, G. C. Cut the cost of feeding cows. Wis. Agr. Exp. 
Sta. Bul., 417. 1930. 

(5) Ecxues, C. H., Becker, R. B., and PauMer, L. 8S. A mineral deficiency in the 
rations of cattle. Minn. Agr. Exp. Sta. Bul., 229. 1926. 

(6) Henperson, H. O., and WEAKLEY, Jr., C. E. The effect of feeding different 
amounts of calcium and phosphorus upon the growth and development of dairy 
animals. W. Va. Agr. Exp. Sta. Bul. 231. 1930. 

(7) Scorr, 8S. G. Phosphorus deficiency in forage feeds of range cattle. Jour. Agr. 
Research, 38: 113-130. 1929. 

(8) Orr, J. B. Minerals in pasture. H. K. Lewis and Co., Ltd. London. 1929. 

(9) Henry, M. Osteomalacia in cattle in New South Wales. Agr. Gaz. N. S. Wales, 
23: 885-888. 1912. 

(10) Wetou, H. Bone-chewing by cattle. Mont. Agr. Exp. Sta. Cire. 122. 1924. 

(11) Turr, P. Osteomalacia and its occurrence in cattle in Norway. Proc. World’s 
Dairy Congress 2: 1494-1501. 1923. 

(12) THeEmer, A., Green, H. H., and pu Torr, P. J. Phosphorus in the live stock in- 
dustry. Jour. Dept. Agr. Union of South Africa 8: 460-504. 1924. 

(13) KeLuner. O. Die Ernahrung der Landwirtschaftlichen nutztiere. Ed. 4 Berlin. 
Cited in Ohio Agr. Exp. Sta. Tech. Bul. 5: 421. 1907. 

(14) Lawes, J. B., and GiLBert, J. H. Composition of the ash of the entire animals, 
and of certain parts. Phil. Trans. of the Royal Soc. 174, 865-890. 1883. 

(15) Armssy, H. P. The nutrition of farm animals. The Macmillan Co., New York, 
p. 747. 1917. 











(16) 


(17) 


(18) 


(19) 


(20) 


(23) 


(24) 


(28) 
(29) 
(30) 
(31) 


(32) 


(33) 


(34) 


PHOSPHORUS REQUIREMENT OF DAIRY CATTLE 221 


THEILER, A., GREEN, H. H., and pu Torr, P. J. Minimum mineral requirements 
in cattle. Jour. Agr. Sci. 17: 291-314. 1927. 

THEILER, A., VILJAEN, P. R., pu Torr, P. J., Merer, Hans, and Roprinson, E. M. 
Lamziekte in cattle in South Africa. 11th and 12th Reports of the Director of 
of Veterinary Education and Research. Part II. The Govt. Printing and Sta- 
tionery Office, Pretoria, South Africa. 1927. 

McCoLium, E. V., and Stmmonps, N. The effects of varying the ratios between 
calcium and phosphorus in the diet on the histiological picture of the bones. 
The Newer Knowledge of Nutrition, 2nd ed., 310. The Macmillan Co., New 
York. 1922. 

McCoLLuM, E. V., Stmmonps, N., SHIPLEY, P. G., and Park, E. A. Studies on 
experimental rickets. VIII. The production of rickets by diets low in phos- 
phorus and fat-soluble A. Jour. Biol. Chem. 47: 507-527. 1921. 

BETHKE, R. M., KENNARD, D. C., Kirk, C. H., and Zemzauian, G. Calcium-phos- 
phorus ratio in the nutrition of the growing chick. Poultry Sci. 8: 257-265. 
1929. 

Haac, J. R., and Patmer, L. 8S. The effect of variations in the proportions of 
calcium, magnesium and phosphorus contained in the diet. Jour. Biol. Chem. 
76: 367-389. 1928. 

Mei¢6s, E. B., TURNER, W. A., Harpine, T. S., Hartman, A. M., and Grant, F. M. 
Calcium and phosphorus metabolism in dairy cows. Jour. Agr. Research 32: 
833-860. 1926. 

TuRNER, W. A., Harpine, T. S., and Hartman, A. M. Relative assimilation by 
dairy cows of clover and alfalfa hays and of rations of different calcium and 
phosphorus content. Jour. Agr. Research 35: 625-635. 1927. 

Haaa, J. R., Jones, I. R., and Branpr, P. M. The physiological effects of rations 
restricted principally or solely to the alfalfa plant. JOURNAL or Dairy SCIENCE 
15: 23-28. 1932. 

Orr, J. B. The mineral elements in animal nutrition. Jour. of the Soc. Chem. 
Indus. 44: 964-970. 1925. 

Hart, E. B., Beacu, B. A., DELWicHE, E. J., and BaitEy, E. G. Phosphorus defi- 
ciency and a dairy cattle disease. Wis. Agr. Exp. Sta. Bul. 389. 1927. 

MaTuerR, T. J. The effect of fertilizers upon the forms of phosphorus and the 
amounts of phosphorus, nitrogen and silica in hays. Scientific Agr. 10: 35-63. 
1929. 

NycGarp, I. J. Phosphate deficiency in the soils of Montana. Mont. Agr. Exp. 
Sta. Bul. 240. 1931. 

HurrMan, C. F. Feeding value of alfalfa hay is variable. Mich. Quart. Bul. 12: 
37. 1929. 

Ety, F. Personal communication. 1932. 

Hart, E. B., STEENBOCK, H., and FULLER, J. G. The calcium and phosphorus sup- 
ply of farm feeds and their relation to the animals’ requirements. Wis. Agr. 
Exp. Sta. Bul. 30. 1914. 

Hart, E. B., STEENBOCK, H., Hoppert, C. A., BETHKE, R. M., and HumpuHrey, G. C. 
Dietary factors influencing calcium assimilation. III. Jour. Biol. Chem. 54: 
75-89. 1922. 

Ipip.: Dietary factors influencing calcium assimilation. II. Jour. Biol. Chem. 
53: 21. 1922. 

Forses, E. B., and Keirn, M. H. Phosphorus compounds in animal metabolism. 
Ohio Exp. Sta. Tech. Bul. 5. 1914. 








(35) 
(36) 
(37) 
(38) 
(39) 
(40) 
(41) 
(42) 


(43) 


(44) 
(45) 


(46) 


(47) 


(48) 


(49) 


(50) 


(51) 


(52) 


(53) 
(54) 
(55) 


(56) 





Cc. F. HUFFMAN ET AL. 


Stusss, W. C. Composition of alfalfa based on air dried substance. La. Exp. Sta. 
Bul. 55, (new series), 107. 1899. 

MiTcHELL, J. H., Wagner, J. D., and Morrow, K. 8. The mineral content of 
feeds. soils and waters of South Carolina. S.C. Agr. Exp. Sta. Bul. 252. 1928. 

Ames, J. W., and Bourz, G. E. Nitrogen and mineral constituents of the alfalfa 
plant. Ohio Agr. Exp. Sta. Bul. 247. 1912. 

Forbes, E. B., Beecue, F. M., xirz, C. M., Morean, L. E., and Ruvus, 8. N. The 
mineral metabolism of the milch cow. Ohio Agr. Exp. Sta. Bul. 308. 1917. 
Forses, E. B., Hunt, C. H., Scuvuuz, J. A., Wrvter, A. R., and Remuer, R. F. 

The mineral metabolism of the milk cow. Ohio Agr. Exp. Sta. Bul. 363. 1922. 

Forbes, E. B., Brecue, F. M., and MENScHING, J. E. Mineral and organic analyses 
of foods. Ohio Agr. Exp. Sta. Bul. 255, 439. 1913. 

Satoua, J. Relation of maturity to the nutritive value of first, second and third 
cuttings of irrigated alfalfa. Jour. Agr. Research 35: 361. 1927. 

BrEcuHDEL, 8. I., and Hint, O. J. Pa. Agr. Exp. Sta. 43rd Annual Rpt., 25. 1930. 

RuPeEL, I. W., Boustept, G., and Hart, E. B. The role of vitamin D in the nutri- 
tion of calves. The Am. Soc. of Animal Production, Record of Proceedings of 
the 24th Annual Meeting, Nov. 22-28, p. 137. 

Mich. Quart. Bul. 14, 42, Aug. 1931. 

STEENBOCK, H., Hart, E. B., ELvEHJEM, C. A., and KLEeTziEN, 8S. W. F. Dietary 
factors influencing calcium assimilation. VI. Jour. Biol. Chem. 66: 425- 440. 
1925. 

Meies, E. B., BLATHERWICK, N. R., and Cary, C. A. Contributions to the physiol- 
ogy of phosphorus and calcium metabolism as related to milk secretion. Jour. 
Biol. Chem., 37: 1-75. 1919. 

Rosinson, C. S., and Hurrman, C. F. Studies on the chemical composition of beef 
blood. I. The concentrations of certain constituents in normal beef plasma. 
Jour. Biol. Chem., 67: 245-255. 1926. 

PALMER, L. S., and Eckizs, C. H. Effect of phosphorus deficient rations on blood 
composition in cattle. Proc. Soc. Exp. Biol. Med. 24: 307. 1927. 

MALAN, A. I., GreEeN, H. H., and pu Torr, P. J. Studies in mineral metabolism. 
V. Composition of bovine blood on phosphorus deficient pastures. Jour. Agr. 
Sci. 18: 376-383. 1928. 

McCotium, E. V., Stmmonps, N., and Becker, J. E. An experimental demon- 
stration of the existence of a vitamin which promotes calcium deposition. Jour. 
Biol. Chem. 53: 293. 1922. 

Havagp, R. E., and Reay, G. A. Normal variations of the inorganic phosphate of 
blood. Biochem. Jour. 19: 882-887. 1925. 

PALMER, L. 8., CUNNINGHAM, W. S., and EckLes, C. H. Normal variations in the 
inorganic phosphorus of the blood of dairy cattle. JouRNAL Darmry SCIENCE, 
13: 174-195. 1930. 

SuHous., A. T. The effect of hydrogen ion concentration upon the determination of 
calcium. Jour. Biol. Chem., 50: 527-536. 1922. 

Briggs, A. P. A modification of the Bell-Doisy phosphate method. Jour. Biol. 
Chem., 53: 13-16. 1922, 

BLATHERWICK, N. R. Neutrality regulation in cattle. Jour. Biol. Chem., 42: 517- 
539. 1920. 

Hogan, A. G., and NIERMAN, J. L. Studies in Animal Nutrition. VI. The dis- 
tribution of the mineral elements in the animal body as influenced by age and 
condition. Mo. Agr. Exp. Sta. Res. Bul. 107. 1927. 











PHOSPHORUS REQUIREMENT OF DAIRY CATTLE 223 


(57) Ecxiss, C. H. The normal growth of dairy cattle. Mo. Exp. Sta. Res. Bul. 36. 
1920. 

(58) Denis, W., and Kine, E. L. A chemical study of the inorganic constituents of 
blood in normal and abnormal pregnancy. Am. J. Obst. Gynecol., 7: 253. 1924. 

(59) Kress, O. 8., and Briegs, A. P. Blood studies in normal pregnancy. Am. J. Obst. 
Gynecol., 5: 67. 1923. 

(60) Oarp, H. C., and Perers, J. P. The concentration of acid and base in the serum 
in normal pregnancy. J. Biol. Chem., 81: 9. 1929. 

(61) Winson, James. The principles of stock feeding. P. 170. Vinton and Co., Ltd., 
London. 1927. 




















LABORATORY STUDIES ON THE CHEMISTRY OF 
SOFT CURD MILK 


S. M. WEISBERG, A. H. JOHNSON, anp E. V. McCOLLUM 


Research Laboratories of National Dairy Products Corporation, Baltimore, Maryland 


Much interest in soft curd milk has developed since Hill (1) showed 
how to differentiate the milks of individual cows with respect to curd charac- 
ter and indicated the potential value of soft curd milk for infant feeding. 
Hill (2) (3) has since devoted most of his attention to studies on the dis- 
tribution of curd character in herds, environmental and hereditary factors, 
and to the clinical aspects of his findings. 

Espe (4) (5) has made an excellent experimental study of the digesti- 
bility of milk in relation to curd character and has given some attention 
to the chemistry of soft curd milk. 

Our work carried on independently of the above workers consists 
primarily of analytical and physico-chemical studies on the constitution of 
soft curd milk. 


Part I. THe QuANTITATIVE CoMPosITION oF Sort AND Harp Curp Minxks 
IN RELATION TO CURD CHARACTER 


A fairly thorough study was made of the concentration of casein, fat, 
whey proteins, calcium, phosphorus, citric acid, and lactose in relation to 
curd character. These constituents will be dealt with both individually 
and, as far as possible, collectively, in this portion of the paper. 

The curd character was determined by means of the Hill test. This 
test affords a fairly quantitative measure of the compactness of the milk 
curd upon peptic digestion. It is fully described by Hill (1) in one of his 
bulletins. Briefly, it consists of adding a standard reagent consisting of 
3 parts of an 0.6 per cent pepsin solution and 1 part of calcium chloride 
solution (378 grams made up to one liter) to 100 ce. of milk brought to 
body temperature. The milk coagulates rapidly about a set of radial 
knives which are drawn up through the curd and resistance offered is read 
off on a spring balance in grams. The readings are most readily repro- 
ducible for milks that give a loose curd (soft curd milks) so that one may 
check on duplicate determinations exactly or within 5 grams. With milks 
that give a relatively stiff curd the accuracy of reproduction is lower, 
duplicate readings may vary approximately 10 grams. When the milk is 
extremely hard curded the variations may be considerably greater. 
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A. Concentration of Casein 


Casein determinations were made by the method of Waterman (7) on 
several soft and hard curd milks. The data obtained are presented in 
table 1. 


TABLE 1 
Concentration of casein and whey proteins in relation to curd character 











| WHEY CASEIN CURD 

cow NO. CASEIN PROTEINS 46866 —— ee TENSION 

WHEY PROTEINS 

per cent per cent gms. 
32-51 1.85 0.64 2.9 28 
10-5 2.10 0.64 3.3 28 
20-5 2.17 0.51 4.2 30 
4-5 2.17 0.61 3.6 58 
32-4 2.24 0.89 2.5 22 
19-5 2.36 0.61 3.9 32 
13-5 2.49 0.64 3.9 30 
26-5 2.66 0.86 3.1 58 
28-5 2.91 0.72 4.0 40 
38-5 ....... 3.07 0.70 4.4 75 
45-5 3.07 1.05 2. 110 
32-52 3.19 0.78 4.1 120 
14-4 3.32 0.90 7 85 
37-5 3.51 0.76 4.6 140 
31-4 3.71 0.92 4.0 163 
36-4 4.25 0.98 4.3 190 





It is evident from table 1 that on the average the concentration of casein 
in soft curd milk is definitely lower than in hard curd milk. This same 
conclusion has been independently arrived at by Hill (8) and by Espe (4). 
However, inspection of table 1 shows that the correlation between curd 
tension and concentration of casein is by no means ideal. 

Espe states (4) that the variation in the percentage of casein accounts 
for about 81 per cent of the difference in curd tension between hard and 
soft eurd milks. We do not feel it possible to assign so definite a figure. 
Nevertheless, it may be said that the low percentage of casein is a very 
important factor in determining the curd character of soft curd milk but 
that other factors also operate. 


B. Whey Protein Concentration 


The percentage of whey protein was determined from the nitrogen con- 
tent of the filtrate obtained after precipitating the casein by the method of 
Waterman. In table 1 are presented the results of these determinations as 
well as the ratio of the casein to the whey protein content. 

Some indication may be seen of a slightly lower whey protein content 
in the soft curd milk but it is not as clearly defined as for the casein. There 
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is some indication also that ratio of casein to whey proteins is generally 
lower for the soft curd milk. 

A high ratio of whey proteins to casein might conceivably be the basis 
of soft curded milk. In order to test this idea a milk was analyzed for its 
casein and whey protein content and then to it were added progressive 
amounts of whey protein powder obtained from the Division of Dairy 
Industry, Department of Agriculture. The curd tension was determined 
for each concentration of whey proteins, the concentration of casein re- 
maining constant. The data obtained are presented in table 3. Series A 
represents a hard curd milk, Series B, a soft curd milk. 


TABLE 2 
Effect of increasing concentration of whey proteins upon the curd tension 














SERIES A CASEIN ma... 4 RATIO a... 
aa WHEY PROTEINS —_—— 
per cent per cent gms. 
3.39 0.76 4.5 132 
3.39 0.96 3.5 142 
Cow 3.39 1.16 2.9 135 
No, 335 3.39 1.36 2.5 140 
3.39 1.55 2.1 132 
3.39 1.75 1.9 128 
SERIES B 
2.27 0.51 4.5 60 
8 parts 2.27 0.71 3.2 58 
No. 335 2.27 0.91 2.5 60 
with 4 parts 2.27 1.11 2.1 60 
water 2.27 1.30 1.8 57 
2.27 1.50 1.5 50 








The data of table 2 indicate that the ratio of casein to whey proteins 
can play but a small part, if any, in determining the curd character. More- 
over, the data would seem to show that the concentration of whey proteins 
alone plays a negligible part in determining the curd character. 


C. Concentration of Fat in Relation to Curd Character 

In table 3 are presented the results of several fat determinations on 
milks of known curd tension. 

It will be seen from table 3 that the average percentage of fat in soft 
eurd milk tends to be lower than in hard curd milk but individual varia- 
tions are large—for example, one soft milk in the table has 5.6 per cent 
fat and two hard curd milks 3.8 per cent fat. 

Hill (2) presented data which show that the removal of the fat from 
milk causes an increase in curd tension but that the concentration of fat 
in a milk is not an index to the curd character. 
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We believe that no simple correlation between fat content and curd 
character is to be expected since the distribution of the milk fat in relation 
to the other milk constituents is probably at least as significant as its con- 
centration. That the manner in which the fat is dispersed varies con- 
siderably from one individual milk to another seems to be indicated by 
our work and work done at the New York Agricultural Experiment Sta- 
tion at Geneva. 

Experiments which we have made relating homogenization pressure to 
eurd tension clearly show that increasing the dispersion of the fat of a 


TABLE 3 
Concentration of fat in relation to curd character 














FAT CURD TENSION FAT CURD TENSION 
per cent grams per cent grams 

3.3 32 6.8 110 
3.2 39 5.9 65 
3.4 40 7.8 85 
5.0 30 5.4 75 
4.3 30 6.8 70 
4.0 32 3.8 60 
5.4 30 7.8 55 
3.6 25 5.8 125 
3.6 40 3.8 102 
4.5 45 4.2 102 
4.3 38 

4.2 28 

5.6 28 

4.2 30 

Average 4.2 Average 5.8 
| 





milk causes a considerable lowering in the curd tension compared with that 
of the original milk. 

Hill’s data indicate that the removal of cream may increase the curd 
tension as much as 20 per cent. The concentration and distribution of the 
fat unquestionably play an important part in determining the curd charac- 
ter but it is an involved problem to quantitatively evaluate the two effects 
and we have not attempted its solution at this time. 

It seemed a reasonable supposition that the size of the fat globules of 
the individual milk might bear some relation to the curd character. To 
test this concept photomicrographs of the fat globules of individual milks 
were made using a technique similar to that developed by Turner and 
Haskell (9). No correlation was found between curd character and size 
of fat globules as may be seen from the photomicrographs. 
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D. Concentration of Lactose 


In mixed soft curd milk we found the lactose concentration to be 4.8 per 
cent and in mixed regular certified milk we found 4.7 per cent lactose. 
Hill (8) found 4.32 per cent in soft curd Holstein milk and 4.68 per cent in 
hard eurd Holstein milk. 

In table 4 is shown the effect on the curd tension of adding increasing 
amounts of pure finely divided lactose. 


TABLE 4 
Effect of increasing concentration of lactose on the curd character 








AMT. LACTOSE ADDED CURD 
PER 100 cc. RAW TENSION 
CERTIFIED MILK | 

gms. gms. 
0.0 58 
1.0 55 
2.0 55 
3.0 60 
4.0 45 
5.0 50 


6.0 50 








It will be seen from table 4 that the concentration of lactose appears to 
have little or no effect in influencing the curd tension, unless. we assume, 
what is very improbable, that up to 4 or 5 per cent concentration the lactose 
does exert an effect and then beyond this concentration no longer does. 


E. Calcium and Phosphorus in Relation to Curd Character 


Calcium determinations were made according to a method given by 
Seott (10) and phosphorus determined by a method given in the same book. 
The data obtained are presented in table 5. 


TABLE 5 
Concentration of calcium and phosphorus in relation to curd character 











DESCRIPTION OF MILK ca P.O; 
per cent per cent 
Mixed soft curd 0.12 
32-5 soft curd , 0.09 0.23 
7-5 soft curd 0.11 
10-5 soft curd 0.11 0.24 
Mixed hard curd 0.15 
38-5 hard curd : 0.15 0.34 


3 hard curd 0.16 0.29 
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It will be noted that both the calcium and phosphorus are present in 
lower concentration in the soft curd milk but the ratio of calcium to phos- 
phorus is substantially the same for the two types of milk. 


F. Concentration of Citric Acid in Relation to Curd Character 


According to Sherwood and Hammer (11) the citric acid content of 
individual milks examined by them varied from 0.07 to 0.33 per cent and 
the average citric acid content for a given cow’s milk seemed to be fairly 
constant. These facts seemed significant and analyses were made using 
essentially the same method as that of the above authors. 

In table 6 are presented the results of the determinations. 


TABLE 6 
Concentration of citric acid in relation to curd character 











cow NO. MEAN CURD TENSION CITRIC ACID 
gms. per cent (by volume) 
105 0.23 
195 32 0.28 
425 0.24 





mean 0.25 





335 0.28 
375 130 0.31 
415 0.24 





mean 0.28 








The data in table 6 indicate no significant difference in the concentration 
of citric acid between soft and hard curd. 


TABLE 7 
Ash concentration in relation to curd character 








COW NO. CURD TENSION ASH 
gms. per cent 

425 32 0.71 
275 39 | 0.68 
415 30 0.68 
mean 0.69 

| —_— 

395 102 0.74 
445 102 | 0.69 
184 125 0.80 


mean 0.74 
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G. Ash Content in Relation to Curd Character 


The amount of ash left after ashing down a sample of milk is an index 
to the original salt concentration. Table 7 contains some determinations 
made on hard and soft curd milks. 

These data are not comprehensive enough to warrant any definite con- 
clusion. However, according to some data of Hill (8) Holstein soft curd 
milk contained 0.63 per cent ash and Holstein hard curd milk, 0.74 per 
eent ash. Espe’s data (4) indicate an average of 0.57 per cent ash for 
soft curd milk and 0.80 per cent for hard curd milk. 


H. Whey Dilution Experiments 


It was found possible by centrifuging the whole milk in a Sharpless 
super-centrifuge at 40,000 r.p.m. for 20 minutes to separate the ‘‘suspen- 
soid’’ phase of the milk (the calcium ecaseinate, colloidal salts, fat) and from 
the bowl of the centrifuge was obtained a yellowish, transparent whey. 
From this fluid 93 per cent of the casein was found to be absent. 

It was then possible to carry out whey dilution experiments with this 
liquor by diluting whole milk with it and making curd tension determina- 
tions. 

In table 8 data are presented to show the effect of diluting a hard curd 
milk with its own whey and with whey from a soft curd milk. 


TABLE 8 
Whey interchange experiments 














cow No. DESCRIPTION OF MILK CURD TENSION 
gms. 
4-4 Hard curd whole milk 122 
4-4 70 ee. milk + 30 ce. distilled H,O . 
4-4 70 ce. milk + 30 ce. (4-4) whey 65 
tat 70 ce. milk + 30 ce. (28-4) whey soft curd 62 
37-5 Hard curd whole milk 138 
37-5 70 ec. milk + 30 ec. H,O 90 
37-5 70 ec. milk + 30 ce. (37-5) whey 75 
37-5 70 cc. milk + 30 ce. (24-5) whey soft curd 88 





Experiments of this type are naturally not ideal but it was hoped that a 
rough estimate of the importance of the whey constituents as a whole might 
be obtained in this way. Table 8 indicates that the soft curd whey seems to 
have the same influence on curd character as the hard curd whey. 

To further test this matter, more extensive dilution of the milks was car- 
ried out. The data obtained are shown in table 9. 

It is difficult to interpret the data of table 9 as the measurements of the 
Hill test have in general a precision of 5 to 10 grams and the variations fall 
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TABLE 9 
Supplementary whey interchange experiments 





DESCRIPTION OF MILK 








CURD TENSION | DESCRIPTION OF MILK 
gms. 
28-4 soft curd whole milk 69.0 102.5 | 4—4 hard curd milk 
50 ec. (28-4) milk | 50 ce. milk (4-4) 

+ 50 ee. HO 22.5 27.0 + 50 ce. H,O 
50 ce. (28-4) milk 50 ee. milk (4-4) 

+ 50 ec. (28-4) whey 12.5 25.0 + 50 ec. (4-4) whey 
50 ce. (284) milk | 50 ec. milk (44) 

+ 50 ce. (4-4) whey 17.5 20.0 + 50 ce. (28-4) whey 
24-5 soft curd whole milk 47.5 112.0 37-5 whole milk (hard curd) 
50 ce. (24.5) milk 20.0 37.5 | 50 ce. (37-5) milk 

+ 50 ec. H,O + 50 ec. H.O 
50 ce. milk (24.5) | 50 ce. (37-5) milk 

+ 50 ee, 24-5 whey 10.0 30.0 +50 ec. (37-5) whey 
50 ce. milk (24-5) | 50 ce. (37-5) milk 

+ 50 ce. 37-5 whey 15.0 22.5 +50 ce. (24-5) whey 








within this limit. Possibly there is some indication here of a small specific 
whey influence. However, the dilutions employed in table 9 reduce the con- 
centration of the casein to a point seldom encountered even with a soft curd 
milk. 

SUMMARY OF PART I 


1. The concentration of casein is shown to be lower in the soft curd milk 
than in hard curd milk. This fact is considered to account, to an important 
extent, for the lower curd tension of soft curd milk. 


2. The soft curd milk contains less calcium and phosphorus than the 


hard curd milk. 

3. The concentration of the individual whey constituents seems to exert 
little or no influence in determining the curd tension. 

4. The whey constituents as a whole likewise seem to exert little if any 
influence in differentiating a soft curd milk from a hard curd milk. 


Part II. Puysico-CHEMICAL MEASUREMENTS ON SOFT AND Harp CurRD 
MILKS 


A. Freezing Point and Conductivity Measurements 


From measurements of the freezing points and conductivity one might 
hope to learn something of the ‘‘salt balance’’ of soft and hard curd milks. 
The characteristic freezing point of a milk is essentially due to the salt ions 
and lactose. The conductivity depends essentially on the nature and con- 
centration of the salt ions. If any major differences existed between soft 
eurd and hard curd milks in respect to salt balance we might hope to find 
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indications of it with these measurements. The concentration of lactose we 
have already seen appears to be quite constant for various milks so its effect 
may be cancelled out. 

In table 10 are presented freezing point data obtained with the Hortvet 
eryoscope (12). The precision of the measurements is within a few thou- 
sandths of a degree. Each value is the result of three or more observations. 


TABLE 10 
Freezing point in relation to curd tension 


























CURD TENSION FREEZING POINT 
gms. °C.” 
32 — .545 
38 — .541 
40 — .537 
30 — 535 
mean — .540 
102 — .535 
102 — .547 
125 — .555 
mean — 549 





There is a mean difference of 0.009° C. in the freezing point of the two 
types of milk in favor of the hard curd milk which may indicate a some- 
what higher salt concentration but a difference as small as this does not in- 
dicate a very different distribution of salt ions; moreover, the individual 
variations in the freezing point do not have a consistent direction. 

The conductivity measurements were made with a Leeds and Northrup 
set-up (1927). The temperature employed was 25° 





25° C. and it was maintained 
with a precision of = .05° C. The results are presented in table 11. 


TABLE 11 
Conductivity in relation to curd character 











KIND OF MILK CONDUCTIVITY 
Hard curd mhos. 
No. 3 ; 2.7 x 10-4 
No. 38 44.8 x 10-4 
Soft curd 
No. 7 54.7 x 10-4 
No. 32 , ee 51.8 x 10-4 
No. 19 51.6 x 10-4 
No. 20 sani 47.1 x 10-4 





Now and then exceptions have been found but in general the soft curd 
milks seem to have the greater conductivity. 
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Table 12 represents an attempt to narrow down the factors responsible 
for the difference in conductivity. The whey was obtained by centrifuging 
the whole milk at 40,000 r.p.m. for fifteen minutes. In column A we find a 
mean difference of 10 units in 48 and in column B, a difference of 6 units in 
56, between the soft and hard curd milks. It thus appears that upon remov- 
ing the suspensoid phase (casein, fat, calcium phosphates) that the con- 
ductivity of a soft curd and a hard curd milk tend to approach each other. 
It will also be noted that the increase in conductivity of the whey is great- 
est for the hard curd milks. 


TABLE 12 
Conductivity: whole milk versus corresponding whey 





KIND OF MILK A. MILK CONDUCTIVITY B. WHEY CONDUCTIVITY 





Hard cyrd mhos. mhos. 
a : ei 2.7 x 10-4 52.9 x 10-4 
No. 38 —_— eibicnaenein 44.8 x 10-4 53.6 x 10-4 
DY wiles , ' "—) 53.2 





Soft curd 

No. 7 ‘ ae 54.7 x 59.8 x 10-4 
I ies te stad 2.7 x 58.3 x 10-4 
Mean sides : ; 59.1 





The conductivity data seem to call for the following interpretation. The 
greater percentage of poor conducting substances (casein, calcium phos- 
phate and fat) in the hard curd milk causes a lowered conductivity as com- 
pared to a soft curd milk. If the influence of the casein, phosphates and 
fat be cancelled out, there still remains a smaller difference in conductivity 
which may possibly be explained by the greater dilution of the constituents 
remaining in the whey of the soft curd milk. 


B. Viscosity Measurements on Soft and Hard Curd Milks 


It was thought that viscosity measurements might throw some additional 
light on the central problem. These measurements were carried out with 
Ostwald pipettes having an emptying time of about 30 seconds for 15 ce. of 
distilled water. A constant temperature of 25° C. + .05° C. was main- 
tained by means of a well-insulated bath with an Aminco thermoregulating 
system. The results are expressed as relative viscosity, distilled water being 
the reference liquid. In table 13 are the data obtained. 

It is evident that soft curd milks have a lower viscosity than the hard 
eurd milks. From the data of table 13, a mean difference of approximately 
15 per cent exists in relative viscosity between soft curd and hard curd 
milks. 

Also in table 13 the viscosities of milks are compared with the viscosities 
of the corresponding wheys obtained from these milks by high speed centri- 
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TABLE 13 
Relative viscosities of soft and hard curd milks 
KIND OF MILK RELATIVE VISCOSITY RELATIVE VISCOSITY 
OF WHEY 
a a re ee ee ee 
Hard curd 
34-5 1.76 
22-5 1.68 
2-1 1.80 
Mixed hard curd 1.80 1.14 
Soft curd 
11-1 1.53 
16-1 1.60 
28-5 1.57 
curd 1.55 1.13 


Mixed soft 


fuging (40,000 r.p.m., 20 minutes). These data show that the differences in 
viscosity are associated with the suspensoid phase of the milk (calcium 
caseinate, calcium phosphates, fat). 

These data are then in accord with the analytical data which showed that 
the concentration of casein, calcium, phosphorus, and often fat, was larger 
in hard curd milks than in soft; it is to be expected that the greater the per- 
centage of these constituents the greater the viscosity. 

C. The pH in Relation to Curd Character 

Hydrogen ion concentration has long been known to be an important 
factor in the phenomena of rennet coagulation (13), even small changes in 
pH causing large changes in rennet coagulation. 

To seek a relation between pH and curd tension, samples of normal milk 
were rendered alkaline with NaOH and other samples acid with HCl, the 
pH and corresponding curd tensions were then determined. For the pH 


TABLE 14 
Relation of pH to curd tension 











DESCRIPTION OF 





INITIAL PH AFTER CURD 
MILK PH CURD TEST TENSION 

1 ec. N/1 NaOH 

250 ec. milk 7.20 5.88 12 
Untreated milk 

(control) 6.75 5.80 24.5 
2 ec. N/1 HCl 

240 ec. milk 6.35 5.54 44.5 
4 ec. N/1 HCl 

250 ec. milk 5.95 5.36 64.5 
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determinations a quinhydrone electrode with a precision of + .03 pH units 
was used. The results are given in table 14. 

It will immediately be seen that the hydrogen ion concentration seems to 
have an overwhelming effect on the curd tension. The curd hardness in- 
creasing with increasing acidity and diminishing with increasing alkalinity. 

Espe (4) found the same sort of effect working independently at Cornell. 
The next logical step was to determine the pH of various soft and hard curd 
milks in the hope that the same type of correlation might show itself. In 
table 15 are shown the results of this work. 


TABLE 15 
The pH as found with natural soft and hard curd milks 











cow No. | CURD TENSION | INITIAL PH PH AFTER CURD TEST 
ce 155 6.55 5.70 

37-5 145 6.55 5.60 

31-4 - 138 6.55 5.7 
5-4 100 6.50 5.60 

32-4 ... 85 6.48 5.70 

28-4 60 6.61 5.70 
8-5 ae 55 | 6.60 5.7 

24-6 ............. 50 6.50 5.7 








The constancy of the pH in untreated milk is such as to eliminate this 
factor from the problem. Such variations as do exist show no correlation 
with curd tension. The sharp reduction in pH occurring during the test is 
owing to the presence of the calcium chloride. Calcium chloride is believed 
to react with the acid calcium phosphates of the milk liberating hydro- 
chloric acid and tending to form tricalcium phosphate. 


D. Buffer Action in Relation to Curd Character 

Milk is a highly buffered system and many properties of milk have been 
associated with the buffer action of the milk. The chief buffer systems pres- 
ent in milk are the phosphate, citrate, carbonate, and protein (See ‘‘Fun- 
damentals of Dairy Science,’’ Chap. VI.) If buffer curves be constructed 
for a sufficient range of pH the different buffer systems will be brought into 
play. It was thought that by comparing such curves for hard and soft curd 
milks something could be learned of the fundamental properties of these 
milks. The attached curves were obtained by adding definite volumes, from 
a burette, of N/2 NaOH and N/2 HCl and determining the pH with a quin- 
hydrone electrode the precision of which was + .03 pH units. Continuous 
rapid stirring was employed and the instrument was tested with a standard 
phthalate buffer solution at frequent intervals. Approximately five minutes 
were allowed for the milk to come to equilibrium before making a reading. 

On the same graph were plotted the buffer curves for two soft curd 
milks (24-5, 8-5) and it was found that the two curves practically coincide 
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(see Graph I). The buffer curves for a hard curd milk (44) and a soft 
(24-5) were then plotted on one graph (Graph II) and the curves were 
seen to diverge. The indication was that the hard curd milk was more 
highly buffered over nearly the whole range, that is, it resisted change in 
pH more than the soft curd milk. This we would expect from the greater 
concentration of casein, Ca and P in hard curd milks. 
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Also on graph II are plotted the buffer curves for the wheys correspond- 
ing to 24-5 and 44 milks. These wheys were obtained in the customary 
manner by centrifuging the milks at high speed. It will be seen that the two 
curves coincide. This indicates clearly that the differences in buffer action 
were due to the suspensoid phase of the milk (calcium phosphates, fat, 
casein, ete.). 

By plotting data for several hard curd milks, it was found that the buffer 
curves of the hard curded milks also vary to some extent among themselves. 
Accordingly, more extensive work will be necessary to confirm the appar- 
ently greater buffering action of hard curd milk, relative to soft curd milk. 


SUMMARY OF PART II 


1. The freezing point measurements sustain the concept that the salt 
balance of soft curd milk is not very different from that of hard curd milk. 

2. Conductivity, viscosity, and buffer measurements tend to show that 
the suspensoid phase of the milk is chiefly responsible for the difference in 
properties between the soft and hard curd milk. 

3. The pH seems to bear no relation to the curd tension in natural un- 
treated individual milks. 


Part III. Puysico-CHEemMiIcAL EXPERIMENTS WITH Sort Curp AND Harp 
Curp CASEINS 


A. Introduction 


It is conceivable that if there are structural differences in the casein 
from milk to milk the character of the milk curd would be influenced by 
such differences, as well as by the differences in concentration of the casein. 

In Sutermeister’s book (14) the impression is given that the composition 
of the casein for each species is probably constant, and also that it is con- 
stant from species to species. But the analyses on which this conclusion is 
based undoubtedly were made on mixed milk obtained from large numbers 
of animals especially in the case of cows, hence this conclusion does not rule 
out the possibility that the casein of any individual cow may have a compo- 
sition characteristic for that cow. 

In support of this conception is the work of Hugo Meyer (15). He found 
that in the case of human milk, each mother produces a milk which has a 
characteristic zone of flocculation at a constant temperature, the pH being 
varied in definite steps. He then prepared the caseins of each milk and 
found that these too when suspended in a salt solution had a characteristic 
flocculation zone which corresponded to the original milk in the sense that 
casein prepared from milk A always had the same flocculation zone and 
from milk B a different but characteristic zone. 

In table 16 are shown some of his flocculation data. 
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TABLE 16 
Flocculation zones for individual human milks 














NAME FLOCCULATION ZONE 
Frau Elsa ...... wa ee pH 3.97-5.63 
Frau Anna pH 4.04-5.68 
Frau Fanny pH 3.88-5.29 
Frau Lina pH 3.80-4.72 








F.. Trendtel (16) apparently was able to confirm H. Meyer’s work. He 
found that the isoelectric point of the caseins of individual human 
milks was found at hydrogen ion concentration varying from 2.19 x 10-° to 
7.95 x 10-° and that the isoelectric point was constant for the casein derived 
from each woman’s milk. 

We attempted to throw light on this problem by making pure casein 
preparations from soft curd and hard curd milks and studying their prop- 
erties, 


B. Preparation of the Casein from Hard and Soft Curd Milks 


Casein preparations were made from a hard and two soft curd milks em- 
ploying essentially the method of Van Slyke and Baker (17) except that 
absolute ether was used as the last wash liquid. With this method the pos- 
sibility of denaturing the casein is at a minimum. Casein No. 4-5 and 
easein No. 32-5 were the best preparations obtained. Their analyses are 
given in table 17. 


TABLE 17 
Percentage composition of casein preparations 





1 ] | 
CASEIN | PHOSPHORUS ASH PROTEIN | ALBUMIN LACTOSE MOISTURE 











percent | percent | per cent 
32-5 (hard . 7 
curd) 0.807 0.23 90.15 none none 7.73 
4-5 (soft 
curd) 0.756 0.12 91.05 none none 8.05 





C. Tyrosine and Tryptophane Content in Relation to Curd Character 


Casein preparations No. 32 (hard curd), No. 38 (softer curd), No. 4 
(softest curd) and ‘‘Difco’’ casein made from mixed cow’s milk were 
analyzed for tyrosine and trytophane by the method of Folin and Ciocal- 
teu (18). (The standards used were made up from Eastman-l-tyrosine. ) 
The data obtained are presented in table 18. 

These data seem to show that the tryptophane content is reasonably con- 
stant in all the caseins but appreciable variations appear to exist in the tyro- 
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TABLE 18 
Tyrosine and tryptophane content of individual cow caseins 














| DRY BASIS 
cow NO. CURD CHARACTER | TYROSINE TRYPTOPHANE 

Tyrosine | Tryptophane 
| | per cent per cent per cent per cent 

32 | Hard curd 7.60 1.62 8.22 1.75 

| 
38 _—| Softer curd 7.90 1.88 | 8.65 2.05 
4 | Softest curd | 6.85 166 | 7.45 1.81 

| 


* | From mixed milk | 6.40 158 | 6.98 1.73 








* Digestive Ferments Company. 


sine content. However, the variations in tyrosine content do not seem to 
show a marked trend in relation to curd character. 

More extended analyses on the amino acid content of these caseins would 
seem worthwhile. 


D. The Isoelectric Points of Soft and Hard Curd Casein 


The isoelectric point of a protein especially in the absence of salts may 
be expressed in terms of pH. It is the point at which the charge on the pro- 
tein is zero. The solubility, viscosity, swelling, ete., are at a minimum. 

The determination was made in two ways: (1) by simply suspending the 
casein in CO, free distilled water and determining the pH with the quin- 
hydrone electrode; (2) by making buffer curves for two concentrations of 
each casein, 0.50 per cent and 2.0 per cent. When these curves are plotted 
together they intersect in one and only one point—the isoelectric point. At 
all other points the difference in concentration of the casein causes a differ- 
ing buffer action. 

In table 19 are shown results obtained by method (1). 


TABLE 19 
Isoelectric points of soft and hard curd caseins 











CASEIN KIND OF CASEIN TEMPERATURE PH 
per cent °C. 

0.5 | No. 32-5 (hard curd) | 28 4.74 

| No. 485 (soft curd) 28 4.74 

1.0 | No. 32-5 (hard curd) | 34.5 4.77 

| No. 45 (soft curd) 34 4.77 





By method (2) an isoelectric point of 4.85 was obtained for No. 4-5 
casein and one of 4.8 for No. 32-5 casein (see Graphs III and IV). The 
values obtained with CO, free water are in excellent agreement with those 
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found by Hoffman and Gortner (19) who give 4.77 as the isoelectric pH for 
casein by this method. 

Our data indicate that the soft and hard curd caseins had essentially the 
same isoelectric point. 


E. Flocculation Zone of Hard and Soft Curd Casein 
These casein preparations were suspended in a salt solution according to 
the procedure of 8S. Marui (20). Using the method of H. Meyer, which con- 
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sists of adding increasing amounts of N/20 hydrochloric acid, the floecula- 
tion zone of the two caseins was then determined. The results are presented 
in table 20. 
TABLE 20 
Flocculation zones of hard and soft curd caseins 
N/20 HCl (cee.) 0 1 2 3 + 5 6 7 ~e 9 10 





Kind of casein 





No. 32-5 (hard) -|;/-|-|+ + ++ | t++) +++] ++4+4+/ + - 
No. 4-5 (soft) =) &} =] + bP ttt | ttt] +++ ++ +} - 
A el = = Se Soe SS a ca ee 
pH 
No. 32-5 4.65 | 4.35 4.20 3.90 
No. 4-5 4.78 4.50 4.20 3.93 





+ indicates flocculation. 
-—no flocculation. 


These flocculation zones are seen to be essentially the same. 
F. Viscosity of Solutions of Soft and Hard Curd Caseins 


Equal amounts of casein 32-5 (hard) and casein 4—5 (soft) were dis- 
solved in a saturated Ca (OH), solution and viscosities determined. In an- 
other experiment dry ammonia gas was passed over a layer of each casein 
preparation in a long glass tube until the compound formed showed a pH of 
6.3 to 6.4 in water solution. Then equal amounts of the compound were dis- 
solved in water and viscosity determined. The results are presented in 
table 21. 

TABLE 21 
Viscosity of calcium and ammonium caseinates in relation to curd character. Tempera- 
ture at 25° C. 





KIND OF SALT CASEIN NO. 








VISCOSITY 

sec. 
Calcium caseinate 32-5 (hard curd) 44.0, 44.0 
Calcium caseinate 38-5 (soft curd) 46.4, 46.4 
Ammonium caseinate 32-5 (hard curd) 46.3, 46.4 
Ammonium caseinate 38-5 (soft curd) 46.4, 46.4 








Table 21 shows no significant differences in viscosity. It was considered, 
however, that the concentration of casein may have been too small to reveal 
any differences. The concentration of casein used being about 0.5 per cent. 

More concentrated solutions were then prepared using sodium borate 
which is a good solvent for casein. The results are plotted on Graph V and 
viscosities are tabulated in table 22. 
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TABLE 22 
Viscosity of soft and hard curd casein in sodiwm borate solution. Temperature at 25° C. 











VISCOSITY 
CONCENTRATION OF 
CASEIN Casein 4—5 Casein No. 325 
(soft curd) (hard curd) 
per cent sec. sec. 
0.0 30 30 
ce ce 
ce ce 
1.0 35 36 
ce ‘é 
se ce 
3.0 48 49 
ce 49 
ce 48 
4.0 56 60 
ce 60 
se 61 
5.0 74 81 


ce ce 


ce se 





Note: The precise concentration of the casein was determined by nitrogen analyses 
on the solutions. It is these values that are plotted on the graph. 


We do not believe that a difference of the magnitude seen on Graph V 
can be very significant. 

The viscosity determinations, the isoelectric point determinations, and 
the flocculation zones do not serve to differentiate the caseins of the hard 
and soft curd milk with any sharpness. This however does not prove that 
the caseins are just alike. It may be that the sensitivity of these methods is 
not great enough for the purpose. It is conceivable that if a few of the con- 
stituent amino acids differed from one casein to another such a difference 
could not be detected by the determinations described above. 

The recent work of Linderstr@ém-Lang (21) and Svedberg and Carpenter 
(22) places the problem in a new light. Svedberg and Carpenter found by 
means of sedimentation analysis that casein prepared by the method of 
Hammersten consisted of 3 fractions of differing molecular weight. They, 
as is customary, doubtless made the casein from mixed milk obtained from 
several cows. 

Linderstrém-Lang during an extensive research found that casein pre- 
pared by the method of Van Slyke and Baker undoubtedly consisted of sev- 
eral fractions. He too doubtless worked with mixed milk from several cows. 
Linderstrém-Lang (25) states ‘‘For the rest the possibility can not be ex- 
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cluded that milk from different cows and races of cows can vary in its com- 
position, especially when casein is a mixture of several components, since a 
change of the proportions of mixing will not be in contrast with the appar- 
ently common experience that the chemical units in different kinds of organ- 
isms are very closely related to each other.’’ 

The direction in which to look for differences in the individual cow 
caseins thus is pointed out. It may be found to consist in differences in the 
fractions that go to make up each cow’s casein. And these differences may 
somehow influence the curd character. 


DISCUSSION 


By correlating the results of quantitative analysis with measurements of 
viscosity, conductivity and buffer action on soft and hard curd milks, it 
seems to be established that the colloidally dispersed phase differentiates a 
soft curd milk from a hard curd milk. That is, that the fat, casein, and cal- 
cium phosphates by reason of their concentration and manner of dispersion 
seem to control the curd character. (The qualitative make-up of the pro- 
teins may also contribute. ) 

The mechanism by which these constituents determine the difference be- 
tween soft and hard curd milks may be as follows. The hard curd milk 
containing more casein should furnish more coagulating centers after peptic 
action and hence give a more rapid coagulation. In such event the micelles 
of casein would probably form a closely woven network from which the 
water would be squeezed out, resulting in a rather dense mass. The soft 
curd milk on the other hand having less casein would furnish fewer coagu- 
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lating centers; the micelles would extend farther before interlocking so that 
a relatively loose structure would result. 

The colloidal calcium phosphates severed from the protecting action of 
the casein by the pepsin, in themselves, may furnish coagulating centers, 
hence the greater the concentration of calcium phosphates, the more rapid 
the coagulation, the more compact the micellar structure and the harder 
eurded the milk. 

The fat may contribute to the determination of the curd character by in- 
terrupting the growth of the micellar threads of protein and so modify the 
structure. It will be apparent from this viewpoint that the manner in which 
the fat is dispersed would be as important as its concentration. Another 
possibility is that the amount of protein adsorbed by the fat varies consider- 
ably from individual milk to milk and that this influences the micellar struc- 
ture which results upon peptic coagulation. 


FInaL SUMMARY 


1. It is established that a high concentration of casein is associated with 
hard curd milk and a low concentration with soft curd milk. 

2. It is clearly indicated that the concentration and manner of disper- 
sion of the fat are important in influencing the curd character. 

3. A higher concentration of calcium and phosphorus is found in hard 
eurd milk than in soft. 

4. It is demonstrated that the role of the whey constituents in determin- 
ing curd character must be a small one. 

5. By correlating the results of quantitative analysis with measurements 
of viscosity, conductivity and buffer action, it seems to be established that 
the suspensoid phase differentiates a soft curd milk from a hard curd milk, 
that is, that the fat, casein, and calcium phosphates by means of their con- 
centration and manner of dispersion seem to control the curd character. 

6. Attempts to find decisive differences in composition between caseins 
from soft and hard curd milks were not successful but the possibility that 
such differences may exist is not wholly eliminated. 


Acknowledgment: The photomicrographs of the fat globules were made 
by Dr. R. P. Myers in the Research Laboratories of the National Dairy 
Products Corporation, Baltimore. 
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AN IMPROVED METHOD FOR PREPARING THE SERUM OF 
BUTTER FOR pH DETERMINATIONS 


K. G. WECKEL 
Department of Dairy Industry, College of Agriculture, Madison, Wis. 


Within recent years the correlation of pH to certain qualities of butter 
has been made by several investigators. The most recent and detailed 
studies on the method of pH determination of butter are those of Hunziker, 
Cordes and Nissen’ and Nissen.” 

The work of the above authors indicates that determinations of good 
agreement can be obtained provided the technique is carefully considered. 
In connection with a study being made at this station on storage butters, 
it was found that modification of the method reeémmended by Hunziker et 
al., which requires the use of one pound of butter, could be made which 
would introduce a saving in time, and economy in cost, in making the pH 
determinations. 

The reader is referred to the work of the authors mentioned for details 
of the method presented by them. 

The modifications suggested are as follows: 


Modification A 


Measure out approximately 35 grams of a representative and well mixed 
sample of butter (prepared by making it homogeneous in a water bath at 
approximately 55° C.) into a Mojonnier flask. Warm in a water bath at 
55-60° C. Whirl the flask in the Mojonnier centrifuge for 60 revolutions, 
taking at least one minute. The serum of the butter will easily and com- 
pletely separate out in the flask. Pour off the liquid fat as completely as 
possible and (1) use the retained serum for the pH measurement, or, (2) 
pour the serum into a clean test tube and chill in cold running water or an 
ice bath until the small fatty layer remaining is completely solidified. 
Shake the test tube to insure complete mixture of the aqueous and curdy 
portion. Insert a pipette through the chilled fatty layer and withdraw the 
serum. This is then used for the pH determination. 


Received for publication July 29, 1932. 
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Modification B 

Measure about 35 grams of a representative and well mixed sample of 
butter (made homogeneous in a water bath at 55-60° C.) into a test tube 
having a diameter of about 2.5, and a length of 12, centimeters. Warm the 
tube and contents a few minutes in the water bath. Whirl in the Mojonnier 
centrifuge rack, or place the tube, supported and retained by a cork, in a 
Babeock centrifuge. A small wad of paper or cotton in the bottom of the 
test bottle cup will eliminate the possibility of breakage of the tube. Whirl 
for 2 to 3 minutes at a speed of about 200 r.p.m. in an 18 inch centrifuge. 


TABLE 1 
The pH* of butter as determined by three methods 








J B | Cc 
SAMPLE NO. | a A MODIFICATION B METHOD c 
USING MOJONNIER FLASK USING LARGE TEST TUBE RECOMMENDED BY 
AND CHILLED FAT LAYER AND CHILLED FAT LAYER } HUNZIKER 
18A 6.407" | 6.415 | 6.430 
18B 6.648 6.582 6.599 
19B 6.349 6.357 6.299 
20A 6.474 6.466 6.474 
20B 7.072 7.072 7.072 
22A 6.357 6.364 6.349 
23B 6.467 6.466 6.482 
211 6.349 6.282 
233 6.158 6.158 
235 6.782 6.773 
243 6.131 6.116 
244 6.049 6.063 
245 6.862 6.865 
246 6.782 6.773 
333 7.309 7.310 7.300 
346 5.614 5.641 
347 5.955 6.008 5.992 
348 6.192 6.150 
350 5.941 5.973 
352 5.908 5.908 
354 7.367 7.365 7.365 
355 5.876 5.876 5.876 
B 5.641 5.657 5.641 
F 5.691 5.708 5.691 


zx 6.517 6.516 6.516 
* All values determined with the quinhydrone electrode. 


(1) Withdraw the serum by means of a pipette inserted through the fat 
layer, or, (2) chill the contents of the tube in cold running water or an ice 
bath until the fatty layer has solidified. Then shake or roll the inverted 
tube between the hands to insure complete mixture of the serum portion and 
withdraw by plunging a pipette through the solidified layer. 

The following table shows the results obtained by three methods on 
samples with a moderate range of pH values. Column A contains the values 
obtained by Modification A, the serum being removed through the chilled 
fat layer. Column B contains the values obtained by Modification B, the 











PH DETERMINATION OF BUTTER 251 


serum being removed after chilling the fat layer. Column C contains the 
values obtained by the method recommended by Hunziker, Cordes and 
Nissen, with the exception that glass tubes approximately 4 em. diameter 
and 25 em. length were used instead of the quart jars recommended. 


DISCUSSION 


The work of Hunziker at al., indicates that serum was obtainable by 
centrifugal methods. The above suggestions are, therefore, not original. 
However, Hunziker and co-workers state that because of difficulty with 
eurd packing against the stop-cock of the separatory flask used, the centrif- 
ugal method was abandoned. This objection is met with by use of the 
Mojonnier flask, or the test tube. It has also been shown that the pH of 
the aqueous and ecurdy portion of the serum differ by more than one-tenth 
pH unit. By solidifying the fatty layer in a test tube, the aqueous and 
eurdy portions of the serum may be thoroughly mixed without incorpora- 
tion of fat, before removing with a pipette. 

It is well known that certain salts, notably calcium, are precipitated 
from solution upon sufficient increase in temperature. By using the centrif- 
ugal method, the quantity of butter required is not only reduced, but the 
time necessary for preparation of the serum is likewise reduced to a mini- 
mum. This may be of importance in making accurate pH determinations 
of butter made from cream neutralized with lime. 

An attempt was made to centrifuge samples containing an immersed 
electrode. While the method is feasible, difficulties involving fouling of the 
electrode and calomel bridge were encountered. The modified method is sug- 
gested for the assistance it may present in analytical and control work. 


SUMMARY 


A method is presented for the preparation of butter serum for pH 
measurements. The method decreases considerably the amount of butter 
required. Time and temperature factors are materially reduced. 














CALCIUM AND PHOSPHORUS OF CHEESE MADE UNDER 
CONTROLLED CONDITIONS 


R. B. MeCAMMON, W. J. CAULFIELD, anp M. M. KRAMER 


Kansas Agricultural Experiment Station, Manhattan Kansas 


Cheese is generally recommended as a food of high nutritive value, 
economical as a source of protein, and rich, not only in protein and fat, but 
also in calcium and phosphorus. The term cheese, however, includes many 
products of widely different compositions. The literature contains much 
data on the composition of cheese made in various ways, the mineral content 
usually being given as total ash with but few figures for calcium and phos- 
phorus content. The experiments here described were planned to study the 
calcium and phosphorus content of cheese of several types made under con- 
trolled conditions. 

Theories concerning the chemical reactions involved in the clotting of 
milk may be briefly summarized. In the first place, all proteins are recog- 
nized as amphoteric substances. Because of this, casein can combine with 
either acids or bases. In normal milk with a pH on the alkaline side of the 
iso-electric point of casein, the casein is apparently in combination with 
calcium as calcium caseinate. According to Bosworth (3) several forms of 
calcium caseinate may exist. As lactic acid forms in milk, the calcium 
caseinate changes into calcium lactate and uncombined or iso-electric casein 
which is insoluble. At the same time the less soluble secondary calcium 
phosphate of the normal milk changes into more soluble calcium acid phos- 
phate and calcium lactate. In the presence of rennin, or other suitable 
enzymes, the casein molecule is split, forming molecules of soluble para- 
casein which unite with calcium to form insoluble calcium paracaseinate. 
Casein clotted in this way, as calcium paracaseinate on account of the action 
of rennin, would theoretically contain much more calcium than that clotted 
as insoluble iso-electric casein due to the change in pH of the solution 
caused by the formation of lactic acid. The calcium content of cheese made 
from clotted casein might therefore be expected to vary, depending on the 
method of manufacture. The work of Wode (16) with rennet cheese dem- 
onstrates these points. Rennet was added to some lots only after acid was 
present, the acidity due to developed lactic acid or to added hydrochloric 
acid. The percentage of total calcium of the milk retained in the cheese 
decreased with increasing acidity at the time the rennet was added with 
consistent losses of calcium in the whey, which has been emphasized by 
others (15). 
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Investigations of the phosphorus in casein, recognized as a phospho- 
protein, have been thoroughly reviewed (9, 14). The form in which phos- 
phorus is present is still uncertain but it appears highly probable that the 
combination may be as phosphoric acid. This theory is substantiated by the 
fact that orthophosphoric acid is readily produced from casein under the 
action of various mild reagents (10). Linderstrom-Lang is quoted (9) 
as believing that casein is not an individual substance and has shown that 
the P/N ratios found in the different fractions are not alike. Hammer- 
sten is credited (14) with proving that the phosphorus content of casein is 
a constant quantity characteristic of the species. The phosphorus content 
of the casein of cow’s milk according to his work is 0.85 per cent. This 
figure is in close agreement with the more recent work of Berggren (1). 

Figures for the percentage of ash constituents of cheese were made 
available in the table of ash constituents of foods compiled from various 
sources by H. C. Sherman, appearing in ‘‘Chemistry of Food and Nutri- 
tion’’ (13). These figures, including 0.931 per cent of calcium and 0.683 
per cent of phosphorus, have been widely used, as in the various editions 
of the Laboratory Handbook for Dietetics by Rose, given as Cheese in the 
revised edition (11) and as Cheese, American, in the third edition (12). 
Other authors have apparently assumed that these figures hold for various 
kinds of cheese, in one instance being applied to American pale, Camem- 
bert, Cheddar, Full Cream, Neufchatel, and Roquefort alike (4). Blunt 
and Sumner (2) give interesting data obtained by analyzing commercially 
prepared cheese. These authors found upon analysis that two rennet 
cheeses, Swiss and Cheddar, had roughly 14 and 9 times as much calcium 
as cottage cheese when calculated in terms of percentage and even more 
when calculated in proportion to the protein. Blunt and Sumner (2) 
concluded that cottage cheese, unlike hard rennet cheese, must be regarded 
as a poor source of calcium. However, because some rennet was used in 
the manufacture of cottage cheese, it is a question whether the difference 
in composition is due to the rennet alone or to some other variable factor 
in the manfacture of the product. More recently, Mallon, Johnson, and 
Darby (6) analyzed American Cheddar cheese in a study on calcium reten- 
tion and reported figures for calcium content similar to those of Blunt and 
Sumner (2). 

PROCEDURE 


The cheeses used in this experiment were made in the laboratories of the 
Department of Dairy Husbandry, following as closely as possible the ac- 
cepted methods of commercial procedure. Records were kept of details 
of procedure and of results of routine determinations including: 

1. Per cent titratable acidity, caleulated as lactic acid from titration 
with N/10 NaOH, phenolphthalein used as an indicator. The acidity was 
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determined on a sample of whey obtained at the time the curd was drained 
and cut. 

2. Per cent of fat and per cent of total solids by the Mojonnier method. 

A sample from each lot of cheese was retained to be further analyzed 
according to standard methods—the calcium determinations being made 
according to a modification of MceCrudden’s method (7), the phosphorus 
by the method approved by the Association of Official Agricultural Chem- 
ists (8), and the nitrogen by the Kjeldahl-Gunning method (8). 

Data available were used to prepare tables showing variations in meth- 
ods of manufacture and also the calories and amounts of fat, protein, cal- 
cium and phosphorus in the different products. 

Neufchatel cheese, made as indicated in table 1, was allowed to set until 
coagulation had taken place with a distinct whey layer formed over the 
eurd. The respective lots of cheese were then poured on to draining cloths, 
allowed to drain as completely as possible, and then weighted down and 
pressed over night, after which samples were secured. Commercial Neuf- 
chatel cheeses sometimes have cream added. Small variations in amount of 
starter added seemed to have no influence upon the composition of the curd. 
The lots made were divided into 2 groups, N I, that which had not been so 
well drained and N II, that which had been drained more completely re- 
sulting in a small yield and consequently a greater per cent of total solids 
and of fat. This cheese, particularly N I, as made in the laboratory had a 
higher moisture content than commercial Neufchatel, which was due, in 
part at least, to less pressing in the draining process. 

In making cream cheese, each lot of cream was inoculated with a com- 
mercial starter, and was held at the setting temperature until the cheese 
showed an acidity of about 0.7 per cent expressed as lactic acid. As soon as 
the desired acidity was developed, water equal to 20 per cent of the volume 
was added to each lot of cheese, and the temperature of the cheese gradually 
raised to 130° F. in a water bath. Two per cent of salt by weight was 
added to each lot of cheese during the heating period. The cheese was 
stirred at frequent intervals until the desired temperature was attained, 
poured into draining bags and allowed to drain for several hours. Light 
pressure was applied to the cheese over night and the following morning 
it was weighed and sampled. 

In manufacturing cottage cheese of the rennet type, the cans of coagu- 
lated milk were placed in water, the curd was broken, and the temperature 
of the curd raised slowly to the cooking temperature (120° F.-132° F.). 
Each lot of chese was held at this temperature until the curd was properly 
formed. The whey was removed, the curd washed with cold water, spread 
out on the bottom of a commercial cheddar cheese vat and allowed to drain. 
At the completion of the draining process the cheese was weighed and sam- 
ples secured for the analyses reported in this paper. Two of the samples 
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of the rennet type of cottage cheese, RC I, did not become so firm during the 
cooking process as the others, RC II, similar to commercially prepared 
cheese. 


TABLE 2 
Data from analyses of cheese made in the laboratory 








NO. OF . ~ PROTEIN 7 PHOS- 
saMPLss Comees | Cassa (N x 6.38) — CALANUS PHORUS 
| 
gms. gms, gms. | gms. gms. 
Neufchatel 4 1.00 1.44 0.0933 0.1183 | 0.00106 | 0.00151 
(NI) 69.4 100.0 648 | 821 | 0.074 0.105 
10.7 15.4 1.0 1.266 | 0,011 0.016 
Neufchatel | 3 1.00 2.21 0.1385 0.1835 | 0.00102 0.00182 
(NII) 45.2 100.0 6.26 8.29 | 0,046 0.082 
7.2 15.9 1.0 1.321 | 0,007 0.013 
Cream 7 1.00 3.53 0.0701 | 0.3613 | 0.00075 | 0.00091 
28.3 100.0 1.98 10.22 | 0.021 0.026 
14.3 50.5 1.0 5.17 | 0.011 0.013 
Cottage, | 2 1.00 0.71 0.1143 | 0.0102 | 0.00091 | 0.00134 
rennet, 140.8 100.0 16.09 1.44 | 0.128 0.189 
(RCI) 8.7 6.2 1.0 | 0.09 | 0,008 0.012 
Cottage, | 5 1.00 0.80 0.1375 | 0.0102 | 0.00106 | 0.00164 
rennet, 125.0 100.0 17.19 | 1.28 0.133 0.205 
(RC II) 7.3 5.8 1.0 | 0.07 | 0.008 0.012 
| | 
Cottage, 7 1.00 0.93 | 0.1704 0.0103 | 0.00128 | 0.00186 
acid 107.5 100.0 18.32 | 111 | 0.138 0.200 
(CI) 5.9 5.5 1.0 0.06 | 0.008 0.011 
Cottage, | 6 1.00 | 0.00111 
acid 
(CII) 
| 
Cottage, | 1 1.00 0.78 0.1373 | 0.0082 | 0.00120 | 0.00161 
acid 128.2 100.0 17.60 | 1.05 | 0.154 0.206 
(LC 1) 7.3 5.7 1.0 | 0.06 | 0,009 0.012 
} | 
Cottage, 1 1.00 0.86 0.1549 | 0.0089 | 0.00116 | 0.00172 
acid 116.3 100.0 18.01 1.04 | 0.135 0.200 
(LC 2) 6.5 5.6 1.0 | 0.06 | 0.008 0.011 
Cottage, 1 1.00 0.73 0.1254 0.0075 | 0.00110 | 0.00166 
acid 137.0 100.0 17.18 1.03 | 0.151 0.227 
(LC 3) 8.0 5.8 1.0 | 0,06 | 0.009 0.013 
| | | 
Cottage, 1 1.00 0.81 0.1451 | 0.0082 | 0.00124 | 0.00147 
acid 123.5 100.0 17.92 | 1.01 | 0.153 0.182 
(LC4) | | 6.9 a | 2 0.06 | 0.009 0.010. 
American | 9 1.00 | 4.81 | 0.3417 | 0.3790 | 0.00965 | 0.00365 
cheddar | 20.8 100.0 711 | ae 0.201 | 0.076 
2.9 13.9 1.0 | 1.10 0.028 | 0.011 
Process | 3 | 1.00 4.15 | 0.3778 | 0.2929 | 0.00862 | 0.00356 
| 241 | 1000 | 910 | 7.06 0.208 0.086 
| 26 | 108 | 1.0 | 0.08 0.022 | 0.009 
u u 
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For the acid type cottage cheese (CI), the curd was broken up and 
cooked (100° F.-110° F.) until sufficiently firm. After washing and drain- 
ing the curd was in the form of relatively fine particles instead of the 
larger curd particles which are characteristic of the rennet type cottage 
cheese. For the acid type of cottage cheese made on a commercial basis 
(C II) the water in the jacket of the vat containing coagulated milk was 
warmed gradually to a temperature of 140° F. The curd was then cut into 
cubes approximately three-fourths of an inch square, raised gradually to 
a temperature 122° F. and held at that temperature until sufficiently firm. 
The method of manufacture following the completion of the cooking period 
was the same as for the other groups of cottage cheese. This type of cheese 
resembles the rennet type cottage cheese very closely. Milk enriched with 
cream to contain 12 per cent fat was added to this cheese before sampling. 
Commercial practice varies widely with regard to the amount and richness 
of milk or cream added before the sale of the product. All other lots of cot- 
tage cheese were sampled before the addition of cream so results would be 
comparable. Data are incomplete for the C II samples which were analyzed 
at the beginning of the experiment before the nature of this study was 
fully determined. 

Other samples of acid type cottage cheese, group LC, were manufactured 
as shown in table 2. For LC 4, 0.1 per cent of a stabilizer known as 
Krabyn was used. Krabyn is a Kraft-Phoenix commercial preparation 
said to aid in the retention of moisture and in the development of good 
texture. This sample of Krabyn (5) contained 2.58 per cent of ash, inelud- 
ing 0.154 per cent of calcium and 0.034 per cent of phosphorus. 

The usual commercial procedure was followed in the manufactured of 
American Cheddar cheese. 

Two groups of processed cheese were studied : 





No, 


SAMPLES | PRODUCT - MADE FROM 


Commercial 1 Swiss cheddar processed 
products 1 American cheddar processed 
1 Cheese spread 





Laboratory 1 American cheddar processed | 1 lot of dry, crumbly, aged 
products American cheddar 
2 " " m A mixture of three lots of 


American cheddar varying 
widely with respect to age, 
flavor, body and texture 
| 





To make processed cheese, the cheddar cheese was cut into small pieces 
and passed through a food chopper. The ground cheese was then placed 
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in a copper jacketed kettle to which a small quantity of water and emulsi- 
fying agent had been previously added. The quantity of water varied from 
18.9 to 27.9 per cent of the weight of the cheese. The emulsifying agent, 
sodium citrate, was varied from 1.8 to 3.0 per cent of the weight of the 
cheese. The cheese was slowly heated with constant and vigorous stirring 
to the desired temperature (155° F.-162° F.). The product was sampled 
and packaged. 
RESULTS 


The data from quantitative determinations were used to prepare tables 
2 and 3. These have been arranged so that comparisons can be made of 


























TABLE 3 
Data from analyses of commercial cheese 

NO. OF PROTEIN : PHOS- 

SAMPLES| CHEESE | CALORIES| (Nn x 6.38) FAT CALCIUM | PHORUS 

gms. gms. | gms. | gms. | gms. 

Cream 1 1.00 3.86 0.0880 0.3903 0.00070 0.00096 
25.9 100.0 2.28 10.11 0.018 0.025 
11.4 44.0 1.0 4.45 0.008 0.011 

American 1 1.00 3.67 0.2353 0.3036 0.00695 0.00358 
Process 27.2 100.0 6.40 8.26 0.189 0.097 
4.2 15.4 1.0 1.28 0.029 0.015 

Swiss 1 1.00 3.17 0.2441 0.2430 0.00863 0.00341 
Process 31.5 100.0 7.69 7.65 0,272 0.107 
4.1 13.0 1.0 1.00 0.035 0.014 

Cheese 1 1.00 3.03 0.2274 0.2361 0.00649 0.00497 
Spread 33.0 100.0 7.30 7.78 0.214 0.164 
4.4 13.3 1.0 1.04 0.029 0.022 


| 





constituents per gram of cheese, per 100 calories of cheese, and per gram of 
protein in cheese. In calculating calories, the usual physiological fuel 
values (12) were used: 

Protein, 4 calories per gram 

Fat, 9 calories per gram 

Carbohydrate, 4 calories per gram 
Allowance was made for 4 per cent of carbohydrate in cottage cheese. 

Whether compared as calories per gram of cheese or as grams of cheese 

necessary to give 100 calories, the various cheeses show a wide range due 
largely to the variations in the moisture and the fat contents. For instance, 
high calorie values are found for American cheddar (4.81 calories per gm.) 
a concentrated cheese containing 37.9 per cent of fat, and also for cream 
cheese (3.53 calories per gm.) a moist product containing, however, 36.13 
per cent of fat. In contrast, some of the cottage cheeses high in moisture 
and low in fat have less than 1 calorie per gram. The percentage of fat in 
the cheese depends upon the-material used in manufacture, as: 
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Cottage cheese (C I) from skim milk, 1.03% fat 
Neufchatel cheese (N II) from whole milk, 18.35% fat 
Cream cheese, from 16% cream, 36.13% fat 


or upon the moisture content as illustrated by two whole milk cheeses: 


Neufchatel (N II), moist cheese, 18.35% fat 
Cheddar, concentrated cheese, 38.31% fat 
Cheeses exhibit a wide range of protein content. For the samples 
analyzed the figures were approximately : 
Cheddar and processed cheese made in 
laboratory 1/3 protein by weight 
Commercial cheddar cheese 1/4 protein by weight 
1 
1 


Cottage and Neufchatel cheese 6 to 1/10 protein by weight 
Cream cheese 14 protein by weight 


The calcium and phosphorus in the cheese should be compared on sev- 
eral different bases. In the first place, the percentage or the amount per 
gram is an important figure, shown as follows: 

Soft cheese, about 0.1% Ca, 0.15% P 
Cheddar cheese, about 1.0% Ca, 0.3% P 

Of the soft cheeses, the cream cheese has the lowest percentages of cal- 
cium and phosphorus, which may be explained partly by the high per- 
centage of fat in the product. A comparison on the basis of 100-calorie 
portions shows the approximate figures: 

Cottage cheese, from skim-milk, 0.15 gm. Ca, 0.20 gm. P 
Cheddar cheese, from whole milk, 0.20 gm. Ca, 0.074 gm. P 
Neufchatel cheese, from whole milk, 0.074 gm. Ca, 0.105 gm. P 
Cream cheese, from 16% cream, 0.021 gm. Ca, 0.25 gm. P 

To avoid variations due to the fat and moisture content of the products, 
results have been tabulated as calcium and phosphorus per gram of protein 
and may be summarized as follows: 

Soft cheese, less than 0.009 gm. Ca, more than 0.012 gm. P 
Cheddar cheese, 0.028 gm. Ca, 0.010 gm. P 

The results obtained from this experiment indicate that phosphorus is 
proportional to the protein in cheese made from clotted casein regardless 
of the methods of manufacture, even though they involve different chemical 
reactions. The Hammersten figure (14) was used, calculating 0.85 per cent 
of the protein. In cheddar cheese approximately 85 per cent of the phos- 
phorus is accounted for by the protein while in the cottage cheese 75 per 
cent is calculated as contained in the protein. 

Cheddar cheese showed a high calcium content even when calculated on 
the basis of the protein present. This is consistent with the theories as the 
rennet, added before the milk became acid, was responsible for the forma- 
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tion of paracasein which forms an insoluble calcium paracaseinate, result- 
ing in a calcium rich curd. On the other hand, rennet type cottage cheese 
was not notably higher in calcium than the acid type. This is, no doubt, due 
to the fact that the rennet, used in only small quantities, has little effect be- 
fore the milk becomes acid due to the more rapid action of the starter, added 
at the same time. As lactic acid forms, soluble calcium lactate and neutral 
casein are produced. The small amount of rennet used had little effect upon 
the calcium of the curd as it was added only after the other reactions had 
made considerable progress. Figures for the calcium per gram of protein 
may be compared: 
Acid type cottage cheese, 0.008 to 0.009 gm. Ca 


Rennet type cottage cheese, 0.008 gm. Ca 
Cheddar cheese, 0.028 gm. Ca 


The percentages of calcium and phosphorus of the milk retained in the 
various types of cheese, as calculated from the yield per 100 pounds of milk, 
are given: 





| CALCIUM, PER CENT PHOSPHORUS, PER CENT 





2 22.3 40.9 
ee 12.8 29.4 
Cream 29.2 38.6 
BOT 23.5 44.0 
See tee 17.6 34.7 
es RRS 21.8 40.3 
C Il 18.0 

i, ee 24.6 41.9 
 . a 19.3 36.4 
i», == 16.9 32.3 
ee 18.3 31.1 
American cheddar ............... 80.4 38.1 








It will be seen in the LC group of cottage cheese in which there was only the 
variation of the individual pasteurization temperatures, that the percent- 
ages of calcium and phosphorus retained decreased according to the 
decrease of pasteurization temperature which was accompanied by an in- 
crease of time. However, only one sample of each type was available for 
analysis. 

In the field of nutrition shares are often used as a simple method of pres- 
entation of the nutritive values of foods. The share is represented as 1/30 
of the average man’s daily requirement (12) and specific figures are given 
for shares in calories, protein, calcium phosphorus and iron. These figures 
are calculated from the quantities which the average man is said to need: 
3,000 calories, 75 grams of protein, 0.68 gram of calcium, 1.32 grams of 
phosphorus, and 0.015 gram of iron daily. Table 4 gives the values in 
shares of the various types of cheese analyzed, showing the differences in 
the protein, calcium and phosphorus supplied by 100-calorie portions. 
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TABLE 4 


Nutritive values expressed in shares 

















1 share in calories = 100 Cal. 

1 share in protein = 2.5 gms. 

1 share in calcium = .023 gms. 

1 share in phosphorus= .044 gms. 

CHEESE GRAMS CALORIES PROTEIN | CALCIUM Bal 
Laboratory: 
NI 69.5 1 2.59 3.22 2.39 
N Il 45.25 1 2.51 2.00 1.86 
Cream 28.3 1 0.79 0.91 0.59 
RC I 140.8 1 6.44 5.57 4.30 
RC II 125.0 1 6.88 5.7! 4.66 
cI 107.5 1 7.33 6.00 4.55 
LC 1 128.2 1 7.04 6.70 4.68 
LC 2 116.3 1 7.20 5.87 4.55 
LC 3 137.0 1 6.87 6.56 5.16 
LC 4 123.5 1 7.17 5.91 4.14 
Cheddar 20.8 1 2.85 8.73 1.68 
Process 24.1 1 3.64 9.04 1.95 
Commercial: 
Swiss Process 31.5 1 3.08 11.83 2.43 
American Process 27.2 1 2.56 8.22 2.20 
Cheese Spread 33.0 1 3.00 9.30 3.73 
Cream 25.9 1 0.91 0.78 0.57 
SUMMARY 


Fifty-four samples of cheese, 50 being laboratory products made under 
known conditions, were analyzed for calcium, phosphorus and nitrogen. 
These included rennet and acid types of cottage cheese, cream, Neufchatel, 
cheddar and processed cheese. From the compiled data the following 
points are outstanding: 

1. Caloric values vary from 4.81 calories per gram for cheddar cheese 
and 3.53 calories per gram for cream cheese to less than 1 calorie per gram 
for various types of cottage cheese. 

2. Cheddar and processed cheese made under known conditions are by 
weight about 1/3 protein, commercial processed cheese 1/4 protein, cottage 
and Neufchatel 1/6 to 1/10 protein and cream cheese about 1/14 protein. 

3. The difference in the percentage of calcium in rennet and acid types 
of cottage cheese is not significant but cheddar cheese contains approxi- 
mately 10 times as much calcium as the soft cheeses. About 20 per cent of 
the calcium of the milk is retained in the soft cheeses while 80 per cent is 
retained in cheddar cheese. 

4. The amount of phosphorus seems to vary according to the amount of 
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protein in the cheese. About 37 per cent of the phosphorus of the milk is 
retained in the soft cheeses and 38 per cent in cheddar cheese. 
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THE USE OF VEGETABLE STABILIZERS IN ICE CREAM 


W. J. CAULFIELD anp W. H. MARTIN 
Kansas Agricultural Experiment Station, Manhattan, Kansas 


INTRODUCTION 

During the past year numerous inquiries have been received from ice 
cream manufacturers concerning the merits of certain new ice cream 
stabilizers of vegetable origin. These stabilizers appeal to some ice cream 
manufacturers because of their low cost and because there is a demand on 
the part of some consumers for ice cream which contains no gelatine. 

Since only a limited amount of experimental data is available relative 
to the use of these new stabilizers in ice cream, an investigation of this 
subject has been conducted during the past year at the Kansas Agricul- 
tural Experiment Station. The principal objects of this investigation were: 
(1) to determine the chemical composition of a representative group of 
vegetable stabilizers, (2) to observe their effects on certain properties of a 
standard ice cream mix, and (3) to note their influence on the quality of the 
finished ice cream. 


METHODS 


Five stabilizers of vegetable origin including Krabyn, HyGell, Col-Ace, 
Sure-Bet, and Keleo Gel were analyzed for moisture, sugar, protein, ash, 
starch, calcium, phosphorus, and iron, using the methods as outlined by the 
Association of Official Agricultural Chemists. The gum content of the 
various stabilizers was obtained by washing with water, to which sufficient 
aleohol had been added to prevent swelling of the gum. The residue after 
deducting the ash was considered to be gum. The results of these analyses 
with the exception of the minerals are expressed in table 1. 


TABLE 1 
Analyses of fwe stabilizers of vegetable origin 





STABILIZER MOISTURE 


GUM REDUCING PROTEIN 
| a ASH STARCH 
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The analyses recorded in table 1 would indicate that gums are the 
active stabilizing agents. The identity of the gums contained in these sam- 
ples was not determined. The high concentrations of sugar found in 
samples A, C, and D would indicate that the gum content of these samples 
had been adjusted so that they could be used in an ice cream mix in 
approximately the same amounts as gelatine. The sugar also facilitates 
incorporating the stabilizer into the mix. It will be noted that no starch 
was found in the samples. " 

The high ash content of sample E was not accounted for by its calcium, 
phosphorus, or iron content. Only traces of these three minerals were 
found in the samples. 

Stabilizers designated as D and E in table 1 were not used in ice cream; 
E was discarded due to the difficulty of incorporating it into the mix 
and because of the off flavor which it imparted to the ice cream; D was 
recommended primarily for ices and sherbets. The cost of these two 
stabilizers would also make their use in ice cream impractical from an 
economic standpoint. 

The quantity of the vegetable stabilizers to use was determined experi- 
mentally with small batches frozen in an ice and salt freezer. The amount 
of stabilizer contained in the respective samples of ice cream which com- 
pared most favorably with a portion of the same ice cream stabilized with 
0.4 per cent of a 200 Bloom strength gelatine was selected as the desirable 
amount to use. It was found that 0.35, 0.15, and 0.30 per cent of stabilizers, 
A, B, and C was required. On the basis of the gum contents of these 
stabilizers this would be equivalent to 0.099, 0.121, and 0.106 per cent gum, 
respectively. A knowledge of the gum content of this type of stabilizer is 
no doubt the most valuable criterion as to the amount to use. When mixed 
with sugar in dry form and added to the other ingredients at a temperature 
of 90—-100° F., no difficulty was experienced in incorporating the three 
vegetable stabilizers into the mix. 

The vegetable stabilizers were incorporated into a standard 12 per cent 
butter fat mix and compared with portions of the same mix stabilized with 
0.4 per cent of a 200 Bloom strength gelatine and one which contained no 
stabilizer. 

The mixes were heated to 150° F., homogenized at that temperature 
using 2500 pounds pressure, cooled immediately to approximately 40° F. 
and aged at that temperature 24 hours prior to freezing. 

Each mix was tested for fat, total solids, acidity, and viscosity. The 
tendency for certain of the mixes to whey off when held at a temperature 
of 40° F. was observed. Melting resistance studies were made on samples 
of the finished ice cream. 

The fat and total solids determinations were made with a Mojonnier 
tester. The titratable acidity of the mixes was determined by titrating a 9 











VEGETABLE STABILIZERS IN ICE CREAM 267 


gram sample of the mix with N/10 NaOH using phenolphthalein as an 
indicator. The results are expressed in terms of lactic acid. 

Viscosity determinations were made on the fresh mixes and after aging 
for 20 hours at 40° F. Two viscosity determinations were made on the 
aged sample, one before stirring and the second after the sample had 
been stirred with a malted milk mixer for a period of one minute. All 
viscosity determinations were made with a Mae Michael viscosimeter at 20° 
C., using a 3 em. bob and a No. 27 wire. 

In studying the stability of the mixes with respect to whey separation, 
during the aging period, 100 ec. cylinders were filled with the respective 
mixes immediately after cooling. The cylinders were held at 40° F. and 
observed at the end of 24, 48, 72, and 96 hours, respectively. 

The freezing trials were made after the mixes had aged 24 hours. A 40 
quart direct expansion freezer operated with an ammonia temperature of 
—5° F. was used. Uniform sized batches: consisting of 45 pounds each 
were frozen. A preliminary batch of ice cream was frozen in all cases 
before freezing any of the experimental batches to insure uniform freezing 
conditions for all mixes. Overrun determinations were made at minute 
intervals after the first two minute period had elapsed with a Mojonnier 
overrun tester. Temperature observations were made throughout the 
freezing and whipping process by means of a centigrade thermometer 
graduated to 0.1° C. The time required to obtain 100 per cent overrun 
was determined with a stop watch. 

In determining the melting resistance of the ice cream samples, No. 50 
souffle cups, filled at the freezer, were used. Funnels were inserted into 100 
ee. graduated cylinders and covered with a } inch mesh wire sereen to hold 
the samples. The samples after hardening were exposed to an average room 
temperature of 80° F. and the time required for the first drop to fall from 
the sample was taken as a measure of their melting resistance. 


RESULTS 


The results of these determinations and observations as recorded in 
table 2 represent the average results of four separate trials with each mix 
used. 

It will be observed from the data recorded in table 2 that the mixes 
were practically identical with respect to their composition and titratable 
acidities. 

The viscosity of the fresh mixes containing the vegetable stabilizers was 
somewhat greater than that of the other two mixes. After aging for 20 hours 
at 40° F. the viscosity of all of the mixes was increased, but the greatest 
increase occurred in the mix stabilized with gelatine. Mixes four and five 
showed very little change in viscosity as a result of the aging process. It 
is of interest to note that these same two mixes lost very little of their 
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TABLE 2 
Effect of different stabilizers on certain physical, chemical and freezing properties of a 
standard ice cream mix 





(Average of 4 trials) . 

Mix number 1 | 2 | 3 4 5 
Stabilizer, kind | Cheek Gelatine | Vegetable Vegetable | Vegetable 
Stabilizer, designation A B Cc 
Per cent stabilizer used 0.0 0.40 0.35 0.15 0.30 
Fat, per cent | 11.83 11.66 11.93 11.87 11.82 
Total solids, per cent 36.62 | 37.33 36.95 37.08 36.96 
Titratable acidity, per cent 0.206 | 0.206 0.203 0.202 0.201 
Viscosity, Centipoises 

Fresh mixes 11,50 28.50 | 56.20 43.20 35.20 

Aged mixes before stirring 12.39 76.50 81.70 48.00 38.50 

Aged mixes after stirring 10.50 26.70 39.60 44.00 37.20 
Whey separation at the end of 

48 hours, per cent 0.00 0.00 0.00 1.50 12.00 

96 hours, per cent 0.00 0.00 0.00 8.50 25.00 
Time to obtain 100 per cent 

Overrun, minutes | 9.25 11.75 12.63 12.50 12.36 
Temperature of ice cream when | 

drawn from the freezer, °F... | 24.20 24.21 24.23 24.28 24.28 
Melting resistance in minutes | 14.40 22.20 | 23.40 22.40 23.80 

| 





1 Refer to table 1 for the analyses of these stabilizers. 





viscosity as a result of being stirred for one minute with a malted milk 
mixer. The mix stabilized with gelatine suffered the greatest loss in 
viscosity as a result of this treatment, being followed by mix number three. 

None of the mixes were abnormally viscous nor difficult to handle at any 
time. 

The data presented in table 2 show that an objectionable whey separa- 
tion occurred in mixes numbered four and five. The amount of separation 
and the time of its first appearance were not constant for any of the trials. 
In every case, however, separation had occurred in these two mixes at the 
end of 48 hours when held at 40° F. 

Attempts were made to correct this defect through the use of higher 
processing temperatures. The amount of separation was decreased but not 
prevented by pasteurizing the mixes at 170° F. for five minutes. It was 
found that this whey separation could be prevented in all cases by holding 
100 ce. samples of the mix in boiling water for a period of ten minutes 
immediately after homogenization and cooling. Such a procedure, however, 
is of no commercial value. 

The fact that the use of high temperatures did prevent the objectionable 
whey separation suggests the possibility that an enzyme may be the 
active agent responsible for this defect. Additional studies, however, will 
be required to determine the exact cause of this objectionable whey separ- 
ation. 

The time required to obtain 100 per cent overrun was from 0.6 to 0.9 of 
a minute longer for the vegetable stabilized mixes than for the gelatine 
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mix and from 3.11—3.38 minutes longer than for the check mix. The differ- 
ences in the freezing and whipping properties of the three mixes containing 
the vegetable stabilizers were insignificant. 

The samples of ice cream which were stabilized showed no material dif- 
ferences in their ability to resist melting when exposed to an average room 


. 


temperature of 80° F. The samples melted down normally in all cases. 
Laboratory trials in which the amount of the various stabilizers were Varied 
in a standard mix indicated that when excessive amounts of vegetable 
stabilizers are used the mix had a tendency to become thick and viscous, 
and when frozen would not melt down normally at room temperatures. 
This does not appear to be true if the amount of stabilizer used is carefully 
controlled. 

As would be expected, the unstabilized sample of ice cream had the least 
melting resistance of any of the samples. 

The quality of the finished ice cream was determined by scoring three 
sets of samples taken from each mix at the freezer. One set was held in the 
hardening room at — 10° F. and examined at the end of 48 hours; a second 
set was examined after being held at +8° to +12° F. in an electrically 
refrigerated ice cream cabinet for two weeks; the third set was exposed in 
pint sealright containers to an average temperature of 80° F. for 45 
minutes daily over a period of six days and examined. The average body 
and texture scores on the samples are shown in table 3. 


TABLE 3 
Body and texture scores on ice cream samples containing different stabilizers and held 
under different conditions before examination 
(Average of 4 trials) 





| BODY AND TEXTURE SCORES 
| 





MIx | STABILIZER | ay aad AVERAGE BODY 
NUMBER | USED —~o ae | — from | Heat shocked | AND TEXTURE 

sarcening Gealer s samples SCORE 

room cabinet 

1 Check 21.50 19.00 20.00 20.16 

2 Gelatine 23.00 22.50 22.25 22.58 

3 Vegetable, A 23.00 22.60 23.00 22.86 

4 Vegetable, B 22.75 22.00 22.25 22.30 

5 Vegetable, C 22.87 22.75 22.50 22.70 


It will be noted from the scores shown in table 3 that the ice cream con- 
taining the vegetable stabilizers compared favorably with that stabilized 
with gelatine and was decidedly superior to that which contained no 
stabilizer in body and texture. 

No off flavors which could be attributed to the stabilizers were detected 
in any of the samples. 
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These results would indicate that the stabilizing action of the vegetable 
stabilizers used in this study was equal to that of the gelatine used. 


SUMMARY 


1. The chemical analyses of five ice cream stabilizers of vegetable origin 
would indicate that gums are the active stabilizing agents in these products. 

22 The amount of the various vegetable stabilizers to use in an ice cream 
mix must be carefully adjusted so that the mix will contain approximately 
0.1 per cent gum. 

3. The vegetable stabilizers used in this study had no significant effects 
on the acidity, viscosity, or composition of a standard ice cream mix. 

4. The mixes containing the vegetable stabilizers did not freeze and 
whip as rapidly as the mix stabilized with gelatine. 

5. An objectionable whey separation occurred with two of the mixes 
containing vegetable stabilizers, when they were held at 40° F. for 24 to 48 
hours after manufacturing. 

6. The melting resistance of the samples of ice cream containing the 
vegetable stabilizers was essentially the same as for the mix stabilized 
with gelatine. 

7. There was virtually no difference in the quality of the finished ice 
cream stabilized with the vegetable stabilizers used in this study as com- 
pared with that stabilized with gelatine. 

CONCLUSION 

The conclusion would seem justified that the principal advantage of 
substituting vegetable stabilizers for gelatine in commercial ice cream 
is in their lower cost. This conclusion will only apply to the vegetable 
stabilizers used in this investigation and under comparable conditions. 














CLARENCE HENRY ECKLES 


APRIL 14, 1875—FEBRUARY 13, 1933 


Clarence Henry Eckles, foremost American educator and scientist in 
the field of dairying, died at St. Paul, Minnesota, on February 13, 1933. 
His passing closed the chapter on a life which has left an indelible imprint 
on the dairy industry of this country and upon the science of dairy hus- 
bandry throughout the world. Few men are endowed with the judgment 
and vision possessed by this great teacher, counsellor, scholar, and scientist 
who devoted his life to the dairy industry and the development of its lead- 
ers. He was quiet and reserved, but radiated an inspiration which no man 
could explain. In conference, his friends and colleagues came to depend 
on his keen perception, his absolute candor, his unwavering honesty, his 
sympathetic understanding, and a devotion to the highest ideals. He was 
a prolific writer and contributed widely to scientific and practical knowl- 
edge. His passing is truly a great loss, and there is no one who can take 
his place. 

Dr. Eckles was born on a farm near Marshalltown, Iowa. As a young 
man he took an active part in local social activities and earned the respect 
of the community. He graduated from the Iowa State College in 1895 with 
the degree of Bachelor of Science and was at once appointed assistant in 
dairy husbandry and dairy bacteriology at the same institution. In 1896 
he continued his studies in dairy bacteriology at the University of Wis- 
consin, but returned to Iowa State College where he received the Master 
of Science degree in 1897. The same university conferred on him the 
degree of Doctor of Science, honoris causa, in 1916. 

It was during the period 1896-1901 that Dr. Eckles was obtaining the 
major foundation for his broad interests in the field of dairy husbandry 
which contributed so greatly to his later success in so many branches of 
this field. During the last years of this period he was in charge of the 
work in dairy bacteriology at Iowa State College, had charge of the dairy 
herd of the college and was instructor in dairy manufacturing for one term 
at the Massachusetts Agricultural College. The first of the almost in- 
numerable contributions from his very fluent pen had already appeared 
by the time Dr. Eckles’ career at Iowa State College came to a close. The 
bibliography of his contributions discloses eight Experiment Station bulle- 
tins and scientific papers, mostly in the field of bacteriology, published 
during 1896 to 1901, besides several contributions to technological journals. 

The longest chapter in Dr. Eckles’ career began with his appointment 
as assistant professor in charge of dairy husbandry at the University of 
Missouri in 1901, both the position and the department having been created 
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by the appointment. During the next five years Dr. Eckles devoted his 
boundless energy to the building of the dairy industry of the state of Mis- 
souri and to the establishment of a strong teaching and research depart- 
ment in the Missouri College of Agriculture. During this period he found 
time to broaden his own scientific training by a year’s study abroad, where 
he came under the influence of Fleischmann at the Georgia Augusta Uni- 
versity at Géttingen, Germany, and under von Freudenreich at the dairy 
experiment station at Liebefeld, near Berne, Switzerland. The principal 
dairy centers in Denmark, Sweden, England, Holland, and the Island of 
Jersey were also visited, where he familiarized himself with the best 
thought and practices of European dairying. By 1906, when Dr. Eckles 
was advanced to the professorship, he was able to assert to the dairy inter- 
ests of Missouri that ‘‘ Missouri is more than a mule and apple state.’’ In 
this same vein Dr. Eckles stated in 1919 at a banquet held in his honor in 
Kansas City, ‘‘It is true that when I came to Missouri there was very little 
interest in dairying, but now it has become a respectable. thing for a full 
grown man to milk a cow in this state.’’ Dr. Eckles’ leadership as an 
educator and scientist, and his outstanding ability to translate dairy science 
into practical terms unquestionably contributed a major part to the de- 
velopments to which he referred. 

The leadership of Dr. Eckles as an educator during this period is exem- 
plified by the fact that by 1910 young men from other states began to come 
to him for graduate instruction in the field of dairy husbandry. Thus his 
influence on dairying in other states soon became manifest. By 1919, when 
Dr. Eckles left Missouri, one-third of the departments of dairy husbandry 
in other states were headed by his former students. 

In the field of dairy science, the period 1906 to 1919 witnessed a great 
expansion of Dr. Eckles’ interests and contributions. Although dairy bac- 
teriology continued to hold his interest for a time, investigations by him, 
his staff, and graduate students, pertaining to the effect of food on the 
chemical composition of milk and milk products, and to the nutrition and 
physiological development of dairy cattle, soon became his major interest. 
A file of Dr. Eckles’ publications during the period 1901 to 1919 shows 58 
scientific contributions as Experiment Station bulletins and journal articles 
of which he was author or collaborator, and nearly 100 contributions by 
him to practical farm papers. 

The final chapter in Dr. Eckles’ career began in 1919 when he accepted 
the position of Chief of the Division of Dairy Husbandry at the University 
of Minnesota. After going to Minnesota, his work took on a new momen- 
tum, and his leadership in the field of dairying expanded still further. 
Although the dairy industry in Minnesota was already well organized when 
Dr. Eckles came to the state, he witnessed a development in dairying so 
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extensive that the leading agricultural industry passed from the hands of 
the wheat growers to those of the butter producers. The direct and indi- 
rect support of the university group, which he headed, was an important 
factor in this development. 

As an educator, Dr. Eckles continued.to attract an increasing number 
of graduate students, including several men from abroad. The first Doctor 
of Philosophy degrees in Dairy Husbandry were granted to Dr. Eckles’ stu- 
dents during this period when eight received this degree. Six others, who 
are candidates for this degree, had not completed their work at the time 
of his death. 

Dr. Eckles’ active scientific interests in all branches of the dairy in- 
dustry multiplied and expanded still further so that the scientific contri- 
butions in which he collaborated with his staff and colleagues doubled dur- 
ing the period of 1919 to 1933, and had reached a total of 110 at the time 
of his death. Almost every phase of dairying, including dairy cattle nutri- 
tion, dairy production, milk secretion, and dairy bacteriology, are touched 
upon in the contributions of this period. There were twelve publications 
alone dealing with various phases of the problem of phosphorus deficiency 
disease in cattle, which had been one of his major fields of investigation 
during the past ten years. Even during this time Dr. Eckles maintained 
his contact with the practical problems of the producers of milk and milk 
products through many contributions to farm magazines and especially 
as a member of the editorial staff of several such publications, first as dairy 
editor of Farm, Stock and Home, of Minneapolis, then as corresponding 
editor of Farm and Fireside, New York City, and finally as dairy editor 
of The Farmer, St. Paul. 

Dr. Eckles was the author of the text book on ‘‘ Dairy Cattle and Milk 
Production,’’ which first appeared in 1912, and which was revised in 1923. 
It is recognized throughout the world as an outstanding contribution to the 
knowledge of the care and management of dairy cattle. He was also co- 
author of ‘‘Dairy Farming’’ with G. F. Warren in 1916, and of ‘‘ Milk 
and Milk Products’’ with W. B. Combs and H. Macy in 1929. In late years, 
Dr. Eckles had given considerable attention to the assembling of new mate- 
rial which he hoped to use in the revision of these books and for proposed 
treatises on silage and on the history of dairy cattle. He had looked for- 
ward to the time when his administrative duties might be lightened so that 
he could devote more of his energies to such writing. It is a tragedy that 
this opportunity never came, as dairy literature would have been greatly 
enriched by his contributions. 

Dr. Eckles was one of the founders of the American Dairy Science Asso- 
ciation, which he served as president in 1921. His interest in the develop- 
ment of this association has had much to do with its growth and usefulness. 
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His influence was strongly felt in the establishment of the JouRNAL oF 
Datry Scrence, of which he was an associate editor from 1922 until his 
death. He was a member of Alpha Zeta, Gamma Sigma Delta, Phi Kappa 
Phi, and Sigma Xi; the Society of Experimental Biology and Medicine; 
Fellow of the lowa Academy of Science; and Fellow of the American Asso- 
ciation for the Advancement of Science. He was elected Corresponding 
Member of the Czechoslovakian Academy of Agriculture in 1931. 
Although Dr. Eckles was recognized as a scientific worker, an author, 
a judge of men, and a wise counsellor, his greatest contribution was in the 
training of young men to follow in his footsteps. Few men have had the 
privilege of guiding so many students in the attainment of advanced cle- 
grees, and to no other teacher in the field of dairying have so many students 
come for graduate instruction. A total of 142 students have had at least 
one year of post-collegiate work under his guidance. Of these, 89 obtained 
the degree of Master of Arts or Master of Science and eight the degree of 
Doctor of Philosophy. The respect and esteem of his pupils manifested 
itself in the unique organization, the Eckles Club, organized in 1916, the 
present membership of which is 140. His spirit was transmitted to the 
eraduate students who seated themselves about the table with the ‘‘Chief”’ 
at the head, especially in his class in Dairy Research. His modesty and 
eharm naturally drew men to him and he inculeated in his students a love 
of research, of honest labor, and a zeal for truth which have gone with these 
men to all parts of the world and wherever dairying is taught or followed. 
Never could one more appropriately say ‘‘He was one of God’s noble- 

men.’’ 

W. B. ComBs 

T. W. GuLLICKsON 

H. Macy 

L. S. PALMER 

W. E. PETERSEN 





METHODS OF ANALYZING DAIRY PRODUCTS 


FOREWORD 


In 1927, the Committee on Bacteriological Methods of the Ameri- 
ean Dairy Science Association began a series of reports dealing with the 
various laboratory procedures suitable for the bacteriological analysis of 
dairy products. This committee has functioned through the agency of sub- 
committees, composed of those who are especially interested in certain 
phases of the dairy industry. 

The Sub-committee on Bacteriological Methods for Ice Cream published 
the first of these reports in 1927.'. This was followed by a report on Micro- 
biological and Chemical Methods of Analyzing Butter in 1930' and by one 
on Bacteriological Methods of Analysis of Dry Milk and Related Powders 
in 1932." 

The revisions of the Ice Cream and Butter Reports as well as the Dry 
Milk and Related Powders Report are-also issued as separates and these 
may be purchased at cost from the chairman of the general committee, Dr. 
R. 8. Breed, Geneva, New York. 

The objective of these committees has been to make available in con- 
densed form various methods for the analysis of dairy products. The 
views expressed in these reports are those of Committees appointed by the 
American Dairy Science Association. As such they are printed for the 
criticism of other members of the Association and other interested persons. 


THE BACTERIOLOGICAL ANALYSIS OF IcE CREAM 


METHODS OF SAMPLING 
Sample Containers 
Serew capped vials with metal caps, preferably lined with rubber gas- 
kets, are very satisfactory for milk and similar liquids, especially when sam- 
ples are to be shipped. Wide-mouthed, ground glass stoppered bottles of 
about 120 ce. capacity are convenient for collecting viscous samples of the 
semi-frozen ice cream as it leaves the freezer. 


Collection of Samples 


Liquids. Cream, milk, skimmilk or ice cream mix should be sampled by 
means of a sterile glass or metal tube. Such a tube may be of any con- 
venient length and diameter. Metal tubes for use in 40 quart cans are ordi- 
narily } inch inside diameter and 22-24 inches long. Longer tubes may be 
convenient in some cases. One to four tubes may be completely wrapped 


1See references on pages 287, 299 and 306. 
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in paper or enclosed in a metal case before sterilizing. If the liquid to be 
sampled is in cans of uniform diameter a composite sample may be obtained 
by agitating thoroughly, using a sterile stirrer or one already in one of the 
cans; a sterile sampling tube is then slowly inserted to the bottom of the 
ean; a representative sector of the contents is removed and transferred to 
a sterile sample vial or bottle. If the liquid to be sampled is in a vat, the 
contents should be agitated thoroughly and then sampled by means of the 
sterile sampling tube from at least six places. 

A sample taken from the spout of the homogenizer or freezer may be 
obtained by quickly passing the bottle under the opening at periodic inter- 
vals during the discharge, so as to get a representative sample of the mate- 
rial as delivered from the machine. 

Solids. Sugar and gelatin should be thoroughly mixed with a sterile 
spatula and a portion placed in a sterile sample bottle. Skimmilk powder 
should be sampled in a similar way, detailed directions being given in the 
Report of the Sub-committee on Condensed, Evaporated and Dry Milk (5). 

Frozen ice cream should be sampled with a sterile trier after re- 
moving the ice cream from the surface to a depth of about one inch from 
the point to be sampled. The core should be cut into short pieces with a 
sterile spoon or spatula and placed in a sterile container. 


Care of the Samples 


All samples should be placed in water containing cracked ice and taken 
to the laboratory for analysis with the least possible delay. Insulated 
shipping boxes fitted with chilled ‘‘brine pads’’ have been found very sat- 
isfactory for shipping frozen samples. 


Measuring the Sample 


The sample of ice cream may be either measured or weighed. Since it 
is frequently difficult to expel all the air, one 10 ce. sample may contain 
more or less ice cream than another. Variations in the viscosity of the mix 
and the cleanliness of the pipette may result in some of the mix adhering 
to the glass. Although the use of a weighed sample offsets these difficulties, 
it has the disadvantage of being more tedious and time consuming. In a 
statistical analysis of parallel determinations made on the gravimetric and 
volumetric bases, Fay (9) found that the errors inherent to the plate count 
overshadowed the variations introduced by the method of sampling. The 
preference for the gravimetric or volumetric method will depend on the 
nature of the analytical work. For ordinary control work, where a routine 
check is being made on the quality of the ingredients and the final product, 
the volumetric method is sufficiently accurate. On the other hand, for re- 
search work, where accuracy and comparability of results are essential, the 
use of the gravimetric method may be preferable. If consecutive samples 
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are being taken at the various stages in the process of ice cream manufac- 
ture, all determinations should be made on the same basis, either volumetric 
or gravimetric. 

If the sample to be analyzed is frozen ice cream, it should be melted and 
the air expelled by heating in a water bath at 45° C. (113° F.) for 15 min- 
utes. A higher temperature is likely to injure some of the organisms, 
whereas a lower temperature may necessitate an exposure which permits 
appreciable growth. Occasional agitation of the sample during the melt- 
ing process greatly facilitates the expulsion of the air. When the volu- 
metric method is used for ice cream, extreme care should be taken to insure 
complete expulsion of the air, and to rinse the pipette several times in the 
dilution water until reasonably free from ice cream. 

Volumetric method. Liquids. The larger the volume of sample used 
in making the first dilution the less will be the percentage error in measur- 
ing the sample. This is especially true with liquids of high viscosity such 
as heavy cream and melted ice cream mix. The amounts most commonly 
used are: 1 ce. of sample in 99 ce. of sterile water, 5 ce. in 95 ce., or 10 ee. 
in 90 ec., giving dilutions of 1: 100, 1:20, and 1:10 respectively. The 
volume of the sample plus the volume of the sterile dilution water should 
equal 100 ce. The dilution, therefore, should be expressed as in ‘‘1: 10,’’ 
**1:100,’’ ete., and the results in terms of ‘‘plate count per cubic centi- 
meter—50,000, etc.’’ Not more than two significant left-hand digits should 
be used in reporting counts. 

Gravimetric method. Liquids. If a 10-gram sample of cream, melted 
ice cream, condensed milk, ete., is weighed directly into a dilution blank, 
it does not matter how much adheres to the pipette or how much air re- 
mains in the melted ice cream. 

A dilution blank containing 90 ee. of sterile water is counterpoised on 
a torsion balance. (It is convenient to have a beaker of water on each pan 
of the balance to facilitate counterpoising.) The instrument should be suf- 
ficiently sensitive so that one drop of water will disturb the balance. After 
counterpoising to within one drop of the true balance, add a 10-gram 
weight to the pan opposite the dilution blank; remove the cap and place it 
on the scale pan, taking care that it does not touch a non-sterile surface. 
Under aseptic conditions, slowly introduce the sample until the 10-gram 
weight is accurately balanced. Test the accuracy of the weighing by add- 
ing one drop of the sample in the beaker on the opposite pan; if one drop 
throws the balance pointer to one side, the weight may be considered suf- 
ficiently accurate for use in the analysis. The method described by Parker 
(13) is advantageous in weighing a sample directly into the dilution bottle. 
The dilution bottle is fitted with a rubber stopper, which, in turn, is fitted 
with a glass rod. The rod is bent in such a fashion that it permits the sus- 
pension of the stopper during the weighing process. 
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Another method of preparing a gravimetric sample has been described 
by Smith, Newman, and Nielsen (15). Briefly, this method consists of ac- 
eurately weighing a small sample of melted ice cream in a sterile vessel of 
such size and shape that the vessel, together with the weighed sample, can 
be dropped into the dilution blank. The bacterial count per gram is then 
caleulated on a basis of the weight of the sample employed. The following 
quotation is taken from that part of the original description which deals 
with the method of weighing the sample: 


1. Sample to be kept well packed in cracked ice until examined. 

2. In each test-tube is placed a metal butter-boat; the tubes then are 
plugged with cotton and sterilized in the hot-air sterilizer for one hour at 
175° C. 

3. When cooled, a test-tube containing a butter-boat is placed on one 
pan of a sensitive balance and accurately weighed to the nearest milligram 
(0.001 gm.). Record weight. 

4. The ice cream sample is taken from the ice and liquefied in warm 
water—temperature of water not to exceed 40° C. and for a period not 
longer than five minutes. 

5. When the ice cream has become liquefied, rapidly shake the sample 
25 times, ‘‘each shake being an up and down excursion of about one foot 
(entire shaking not to take longer than about seven seconds).”’ 

6. Remove cotton plug from test tube, holding the tube in a slanting 
position so that the sterile butter-boat slowly slides down toward the open- 
ing against the plug. Allow about } to 4 inch of the boat to project out 
beyond the opening of the tube. Replace the tube on the balance pan, with 
the cotton plug alongside of it. 

7. Measure 1 ml. of the liquid ice cream sample with a sterile 1 ml. bac- 
teriological pipette and carefully expel it into the exposed end of the butter- 
boat. 

8. Quickly obtain the weight of the ice cream, weighing to the nearest 
milligram. Reeord the difference between the two weights which is the 
weight of the ice cream. 

9. With one hand remove the foil cap from a dilution bottle containing 
99 ml. of sterile water, and with the other hand carefully remove the test- 
tube from the balance pan; then, using care not to spill any of the sample, 
allow the boat containing the ice cream to slide end first into the dilution 
bottle. This bottle should be marked with an identification number before 
proceeding with the next sample. 

10. When the samples have been weighed and transferred into their 
dilution bottles in the manner described above, they should be plated in 
accordance with the method described for milk in the latest edition of the 
**Standard Methods of Milk Analysis of the American Public Health Asso- 
ciation.”’ 

Gravimetric method. Solids. The results of gravimetric analyses are 
reported in terms of ‘‘plate count, 50,000 per gram, ete.’’ Analyses of 
gelatin, sugar, and skimmilk powder are usually made on a gravimetric 
basis by weighing 10 grams of the dry sample directly into a bottle contain- 
ing 90 ec. of sterile water; or, into the empty sterile dilution bottle, the 
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required amount of sterile water being added just prior to dissolving the 
material for plating. (If the latter procedure is followed, it is necessary 
to use dilution bottles which may be sterilized with dry heat.) Appropri- 
ate dilutions are then made and plated in the usual manner. In the dilu- 
tion of gelatin it is necessary to warm the blanks to insure uniform distri- 
bution of the sample. 

Fruits, such as strawberries in heavy syrup, may be weighed into sterile 
wide-mouthed glass-stoppered dilution bottles or on sterilized paper, coun- 
terpoised on a balance. If the fruit is whole, it may even be necessary to 
grind it in a sterile mortar. If 10 grams are weighed into a sterile bottle 
either from the original container or from the mortar, 90 ec. of sterile dilu- 
tion water should be added and the whole shaken vigorously. 


AGAR PLATE METHOD 
Preparation of Agar Plates 


Media. For ice cream analysis, several media have been found satisfac- 
tory and others not mentioned here, no doubt, could be used with equal 
satisfaction. Most public health laboratories, however, use the standard 
agar as described in detail in the latest edition of Standard Methods of Milk 
Analysis (1). Briefly, this medium is prepared as follows: Add 0.3 per 
cent of Bacto-meat extract (or other brands giving comparable results), 
0.5 per cent Bacto-peptone (or other brands giving comparable results), 
and 1.5 per cent market agar to the desired number of liters of distilled 
water; dissolve by heating in an autoclave for from 40 to 90 minutes after 
the pressure has reached 15 pounds, the length of time depending on the 
quantity of medium being prepared. Remove the medium and determine 
its reaction. The reaction will ordinarily be approximately pH 6.6. Do 
not adjust the reaction if it falls between pH 6.4 and 7.0. After testing 
the reaction and adjusting, if necessary, the medium should be filtered 
through cotton or through paper pulp in Buchner funnels. Place 10 cc. 
portions of medium in test-tubes or 55 ec. portions in flasks and sterilize at 
15 pounds pressure (120° C.) for 20 minutes. 

Milk powder agar, as described by Ayers and Mudge (2), has been 
found advantageous in the determination of different types of bacteria in 
ice cream. 

Carbohydrate media such as dextrose agar, saccharose agar, ete., may 
be prepared by adding one per cent of the desired carbohydrate to the plain 
agar previously described. The addition of sugars to the plain medium 
increases the number and size of the colonies appearing on the plates. 

When plain agar is used in plating ice cream it is not infrequent to find 
a wide disparity in the counts based on different dilutions from the same 
series of dilution blanks. As illustrative of this point Fay (9) cited a spe- 
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cific ease in which 20,000 colonies were estimated to be on the 1:10 dilu- 
tion plate, 3000 on the 1: 100 dilution plate but none of the 300 colonies 
expected on the 1: 1000 dilution plate could be found. Replating of such 
samples. on carbohydrate agar resulted in the appearance of the expected 
number of colonies on the plates from the higher dilutions. Fabricius and 
Hammer (8) recommended the use of one per cent saccharose agar in the 
plating of ice cream as a means of avoiding these aberrant results in plates 
made from various dilutions. 

If it is desired to check the results of analysis with those obtained in 
another laboratory, it is essential that the media employed be of the same 
composition. 

Incubation. The Standard Methods of Milk Analysis recommends in- 
cubation of plates for 48 hours at 37° C. Although a higher count usually 
will be obtained by incubating 48 hours at room temperature followed by 
48 hours at 37° C., this procedure necessitates a larger supply of 
petri dishes and delays the results. The extra expense may be justified by 
the special demands of research work, but for routine control work, incu- 
bation for 48 hours at 37° C. is recommended. If results are to be com- 
pared with those from another laboratory, the incubation time and tempera- 
ture should be uniform. 

Counting the colonies. A convenient method is to invert the plate and 
mark each colony with ink or a wax pencil as it is counted, at the same time 
keeping a record of the count with a tally meter. This method greatly in- 
creases the accuracy of counting by preventing confusion due to interrup- 
tions or to counting the same colony twice. All plates in a series should 
be observed at as nearly the same time as possible. 

All counting of colonies should be done with the aid of a magnifying 
glass. A reading glass four inches in diameter, magnifying at least 14 
times is recommended as satisfactory for use. Low power binocular mag- 
nifiers are also advantageous. It is recommended that constant (prefer- 
ably artificial) illumination be employed while counting the colonies. 


COUNTING BACTERIA IN ICE CREAM BY MEANS OF THE MICROSCOPE 


The examination of ice cream under the microscope supplies certain 
valuable data which can be obtained in no other way. The direct micro- 
scopic examination of ice cream may be used to best advantage with the 
unpasteurized product and with the raw materials used in the mix. It is 
also advantageous in the detection of the use of moldy fruits in the pas- 
teurized product. 

Preparation of Ice Cream Film 


Volumetric method. While preparations may be made in the usual 
way with the 0.01 ce. pipette, Fay (9) has described a modification of the 
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Breed method which is especially adapted for use in the microscopic exami- 
nation of cream, ice cream, and condensed milk. One-tenth ec. of the sam- 
ple is placed on a chemically clean glass slide of standard size (25 x 76 mm.). 
Two to four drops of sterile or boiled water are added, and the mixture 
spread evenly over the entire area of the slide. The smear is allowed to dry 
in the air, fixed, and stained as subsequently outlined in this report. 

When the diameter of the microscopic field is adjusted to 0.155 mm., the 
average number of bacteria per field is multiplied by 1,000,000 to give the 
count per cc. If the product contains relatively few organisms it is more 
convenient to count the total number of organisms in a strip the width of 
the microscopic field across the short dimension of the slide. In this case 
the total number of cells is multiplied by the factor 5000 to give the count 
per ce. (A factor of exactly 5000 requires a field with a diameter of 0.152 
mm. However, the slightly larger field employed (0.155 mm.) partly off- 
sets the lack of clear delineation at the periphery of the field.) 

Gravimetric method. Fabian (6) proposed the following adaptation of 
the Breed method to the analysis of ice cream. 

A chemically clean glass slide is carefully counterpoised on an analyti- 
eal balance and 0.01 gram of the ice cream weighed upon each end of the 
slide as quickly as possible in order to reduce the error due to evaporation. 
A platinum loop has been found satisfactory for placing the ice cream on 
the slide. The 0.01 gram of ice cream is then spread uniformly over an 
area of one sq. em., using a clean needle. After the film has been spread, the 
slide should be placed on a warm surface for drying. The drying should not 
be so rapid as to cause the film to peel from the slide. However, the drying 
should be completed quickly (within ten minutes) or growth may take 
place. The preparation is then ready for staining by one of the methods 
subsequently described in this report. 

If the diameter of the microscopic field is adjusted to 0.205 mm., each 
field will cover an area of 1/3028 sq. em. (1/3000 sq. cm. is the approxi- 
mate figure and the one generally used). When this adjustment is made, 
about 1/300,000 part of a gram of the dried ice cream is visible in one 
microscopic field. The average number of bacteria found per field, there- 
fore, should be multiplied by 300,000 to give the estimated number of bac- 
teria per gram. Usually 10 to 20 fields should be examined for each sample 
of ice cream. 


Staining Methods 


The staining processes described apply to the smears prepared from a 
gravimetric or volumetric sample. . 

Three-solution technique. After the smear has been air-dried it is 
dipped in xylol or other suitable fat solvent for five minutes. (Longer 
exposure is necessary for ice cream than for milk, due to the larger amount 
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of fat present.) The xylol is drained off and the slide placed on a warm 
surface to facilitate evaporation. The slide is then immersed in 70 to 95 
per cent grain or denatured alcohol for about 20 minutes. Again place the 
slide on a warm surface to evaporate the alcohol. Stain for 30 seconds in 
an alcoholic or carbolated methylene blue solution. The alcoholic solution 
of the stain is prepared by adding 30 ce. of a saturated alcoholic solution 
of methylene blue to 100 ee. of distilled water. (It is advisable to use only 
the methylene blue certified by the Commission on Standardization of Bio- 
logical Stains. ) 

The smear is then partially decolorized by submerging in 70 to 95 per 
cent aleohol until the background is light blue and the cells are dark blue. 
The length of time required for satisfactory decolorization varies with dif- 
ferent smears but is usually only a few seconds. The slide should then be 
dipped in water to stop the decolorizing action of the alcohol, dried, and 
examined with a standardized microscope. 

One-solution technique. The Newman-Lampert method described by 
Newman (12) and Breed (4) is convenient in that the fixing, staining and 
decolorizing are reduced to one operation. The formula for the fixing and 
staining solution is as follows: 


Methylene blue, certified 1.00-1.12 gms. 
Ethyl! alcohol, 95 per cent 54 ce. 
Tetrachlorethane, technical 40 ee. 
Acetic acid, glacial 6 ce. 


Add the aleohol to the tetrachlorethane and heat to a temperature not 
to exceed 70° C. Add this solution to the powdered methylene blue. 
Shake until thoroughly dissolved, then allow to cool to room temperature. 
Add glacial acetic acid very slowly. Filter and keep tightly stoppered. 

Immerse the air-dried smears in the staining solution and remove imme- 
diately. Allow to drain for 30 seconds; dry; wash with water, and exam- 
ine with a standardized microscope. (It is important that the slide be 
dried before washing with water.) 

Differential staining methods. Proca (14) and later Beattie (3) devel- 
oped staining methods for differentiation of living and dead cells. Al- 
though these methods have not been found satisfactory for reliable differ- 
entiation of the living cells in pasteurized dairy products, unpublished ex- 
perimental data give promise that this very desirable procedure may be 
improved still further. 


INTERPRETATIVE VALUE OF BACTERIAL NUMBERS 


The total number of bacteria in such dairy products as milk, cream, and 
ice cream has been used for many years as an index to sanitary quality. 
The use of this index is based on the assumption that the conditions which 
favor the admission and growth of bacteria are not in keeping with the 











COMMITTEE REPORTS 285 


commonly accepted ideas of the manner in which dairy products should be 
handled. The factors responsible for large numbers of bacteria in ice 
cream are: poor quality of ingredients, inefficient pasteurization, insani- 
tary equipment, improper aging conditions, and careless methods of the 
employees. This is to say, ice cream with a high bacterial content has been 
neglected in one or more of the above points. It is possible, however, that 
ice cream with a low plate count may have been made from poor quality 
ingredients, and the fact masked by pasteurizing at a high temperature or 
for a long time. 

A serious difficulty with the index value of bacterial numbers is the 
unavoidably high percentage of error in any method of estimation yet de- 
vised. This fact should always be borne in mind in using the results as an 
index to insanitary conditions. 

To the plant operator, high bacterial counts should indicate that there 
is something wrong with the methods or the quality of the ingredients. If 
detailed inspection of the plant does not reveal the cause, it is necessary to 
take routine samples throughout the manufacturing process to locate the 
trouble. 

High bacterial counts should not be construed by the inspector to mean 
that the plant is insanitary or that the product is necessarily unsafe, but 
rather that there is something faulty about the plant methods which can be 
revealed only by more detailed inspection. On the other hand, ice cream 
having a low bacterial count should not be regarded as above reproach from 
a sanitary point of view, due to the possibility of masking improper clean- 
ing methods and the use of poor quality of ingredients by employing high 
temperature or long time pasteurization. It is always advisable to combine 
inspection with laboratory findings before conclusions are drawn from the 
results. 

Excessive numbers of bacteria in ice cream are significant largely 
through the faulty methods or materials which their presence reveals, and 
not because excessive numbers of bacteria indicate the presence of disease 
germs. At best, the bacterial count can be used only as an aid to the in- 
spector and not as a substitute for inspection. 


QUALITATIVE METHODS 


Anaerobic spore test. Weinzirl and Harris (16) have applied the 
anaerobic spore test to ice cream as an index to manurial pollution. The 
procedure as adapted to the analysis of ice cream is as follows: One cc. of 
ice cream is placed in each of five sterile tubes containing about two ce. of 
sterile vaseline. Approximately 10 ec. of sterile water are then added to 
each tube. The tubes are heated to 80° C. for ten minutes to destroy the 
vegetative cells, drive out the oxygen, and to bring the vaseline to the sur- 
face, thus affording an anaerobic seal. All tubes are then incubated for 96 
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hours at 37° C. A positive reaction is indicated by a gassy fermentation 
in three or more of the five tubes. 

The interpretative value of this test is based upon two assumptions, (1) 
that the chief sources of anaerobic spore-forming bacteria in dairy prod- 
ucts are manure and dirt contamination, and (2) that the conditions under 
which dairy products are ordinarily handled are not conducive to the 
growth of these organisms, so the number found in the sample approxi- 
mates the number which gained entrance from these sources. Both of these 
assumptions have been questioned. 

Colon test. Several methods have been devised for determining the 
number of organisms of the colon group in dairy products. 

One of these methods consists of plating suitable dilutions on the eosin- 
methylene blue agar described by Levine (11). Typical colonies are 
counted and may be transferred for further identification according to the 
Standard Methods of Water Analysis outlined by the American Public 
Health Association (1925 and 1933). 

Weinzirl and Harris (16) inoculated lactose fermentation tubes with 
serial dilutions (1:10 to 1: 1,000,000) of the sample to be tested. After 
enrichment, transfers were made to Endo agar plates from all tubes show- 
ing ten per cent or more of gas. Typical colonies were transferred to other 
media for subsequent identification according to the American Public 
Health Association Methods. 

Kessler and Swenarton (10) proposed the use of gentian violet lactose 
peptone bile for the detection of colon organisms in milk. This medium 
consists of one per cent each of lactose, peptone, and bile. The reaction is 
adjusted to pH 7.8 before the addition of gentian violet (1-25,000). The 
medium is sterilized in fermentation tubes for subsequent use in the serial 
dilution method. 

In the manuscript of the proposed 6th edition of the Standard Methods 
of Milk Analysis of the American Public Health Association which was pro- 
visionally accepted at the Washington 1932 meeting of the Laboratory Sec- 
tion of that Association for publication at the end of 1933, dehydrated 
brilliant green, lactose bile 2 per cent (Bacto) is recommended for use in 
milk control work. Undoubtedly this will also come into general use in ice 
eream work as well. 

There is considerable criticism of the colon test as a criterion of the sani- 
tary quality of ice cream and other dairy products. The presence of these 
organisms in dairy products does not have the same significance as does 
their presence in water. Dairy products are produced under conditions 
which preclude the likelihood of complete absence of bacteria of the colon 
group. The cow, the stable, the milker, utensils and other environmental 
factors are all sources of contamination with colon organisms. 
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The problem is further complicated by the prevalence of organisms of 
the colon group but usually of non-fecal origin. Members of the genus 
Aerobacter, commonly found in the soil and feeds, are distinguishable from 
the members of the genus Escherichia only by special tests. Milk is an ex- 
cellent medium for both Escherichia and Aerobacter types, so that once 
they gain entrance, they may greatly increase in numbers unless properly 
controlled. 

It has been shown by Fabian and Coulter (7) that members of 
the Escherichia-Aerobacter group may be quite resistant to the tempera- 
tures ordinarily used in pasteurizing ice cream. There is also considerable 
variation in the resistance of different strains to the same pasteurizing tem- 
perature. These facts should be considered in using the colon test as an 
index of the efficiency of pasteurization. 

Insufficient work has been done with the colon test to justify the estab- 
lishment of standards for the colon content of ice cream. Until further 
investigations establish the significance of the presence of colon organisms 
in ice cream more clearly it is doubtful whether the numerical determina- 
tion of these types should be employed as a routine procedure. 

Sub-Committee on Bacteriological Methods 
of Examining Ice Cream: 
A. C. Fay, Chairman 
B. W. HaMMER 
F. W. Fasian. 
Committee on Bacteriological Methods: 
R. S. Breep, Chairman. 


REFERENCES 


(1) American Public Health Association, 370 Seventh Avenue, New York. Standard 
methods of water analysis, 6th ed. 1925; 7th ed. 1933. 
Standard methods of milk analysis, 5th ed. 1927. 
(2) Ayers, 8S. H., and Mupez, C.S. Milk powder agar for the determination of bac- 
teria in milk. Jour. Bact. 5: 565-588. 1920. 
(3) Beattie, M. Use of a differential stain in the direct enumeration of bacteria in 
pasteurized milk. Amer. Jour. Pub. Health 17: 1031-1034. 1927. 
(4) Breep, R. 8S. The Newman combined fat extraction, fixing and staining solution. 
Amer. Jour. Pub. Health 19: 99-100. 1929. 
(5) Committee report. Bacteriological methods of examining ice cream. JOURNAL OF 
Dairy Science 10: 460-478. 1927. 
Methods for use in the bacteriological examination of dry milk and related pow- 
ders. JOURNAL OF Dairy SCIENCE 15: 383-389. 1932. 
(6) Fapian, F. W. A bacteriological study of the homogenizing process in making 
ice cream. JOURNAL OF DAIRY SCIENCE 8: 246-269. 1925. 
(7) Fastan, F. W., and Covutter, E. W. Survival of members of the Escherichia- 
Aerobacter group to pasteurizing temperatures in ice cream. JOURNAL OF 
Datry SCIENCE 13: 273-387. 1930. 








288 


(8 


(9 


(10) 


(11) 


(12) 


(14) 


(15) 


(16) 





COMMITTEE REPORTS 


Fasricius, N. E., and HAMMER, B. W. Observations on the counting of bacteria 
in ice cream by the plate methed. Ia. Agr. Exp. Bul. 285. 1931. 

Fay, A. C. Thermo-tolerant organisms as a cause of so-called pin point colonies. 
Jour. Bact. 13: 347-377. 1927. 

A comparison of the volumetric and gravimetric methods for bacteriological ex- 

amination of ice cream. JOURNAL OF DAIRY SCIENCE 13: 40-47. 1930. 

modification of the method for the direct microscopic examination of ice cream 

and other dairy products. To appear in JOURNAL oF Dairy SCIENCE, vol. 16, 

July, 1933. 

KESSLER, MILDRED A., and SWENARTON, Jos. C. Gentian violet lactose pepton bile 
for the detection of B. coli in milk. Jour. Bact. 14: 47-53. 1927. 

LEVINE, MAx. Differentiation of B. coli and B. aerogenes on a simplified eosin- 
methylene blue agar. Jour. Inf. Dis. 23: 43-47. 1918. 

NEWMAN, R. W. One-solution technique for the direct microscopic counting of 
bacteria in milk. Proc. Soc. Exp. Biol. and Med. 24: 323-325. 1926-27. 

PaRKER, M. E. A simple dilution bottle stopper arrestor. Amer. Jour. Pub. 
Health 18: 1229-1230. 1928. 

Proca, G. Sur une coloration differentielle des bactéries mortes. Compt. rend. 
Soe. de biol. 67: 148-149. 1909. 

Situ, N. C., NEwMAN, R. W., and Nietson, K. W. Some technical phases of 
the ice cream improvement program. Monthly Bul., Cal. Dept. of Agr. 17 (4): 
230-246. 1928. 

WEINZIRL, JOHN, and Harris, L. S. A comparison of certain methods for deter- 
mining the sanitary quality of ice cream. JOURNAL oF Dartry SCIENCE 11: 284- 
291. 1928. 


> 











THE MICROBIOLOGICAL ANALYSIS OF BUTTER 


METHOD OF SAMPLING 


Butter in the Churn. After the butter has been worked and is ready 
to be removed from the churn, samples for microbiological analysis should 
be taken by means of a sterile trier, taking three samples of about 1 ounce 
each, one sample from the center of the churn, the other two from the re- 
spective ends... The butter should then be placed in sterile sample jars 
(serew or glass top). 

Tubs or Packages. At least a total of 1 ounce of butter should be re- 
moved from two different parts of the tub or package with a sterile trier, 
the plugs of butter to be not less than 2 inches in length and to include the 
surface portion. The butter should be transferred from the trier to the 
sterile sample jar with the aid of a sterile spatula or spoon. 

Print Butter. Because of difficulty in obtaining the same amount of 
exposed surface of butter on one, one-half, and quarter pound prints, print 
butter should be sampled by means of a trier. By using a small trier and 
plugging the end of the print, a plug of 3 to 4 inches may be obtained. 
Such a plug should weigh at least half an ounce. The butter should be 
transferred from the trier to a sterile sample jar with the aid of a sterile 
spatula or spoon. 


CARE OF SAMPLES 


All samples, immediately after sampling, should be placed in cracked 
ice or placed in a refrigerator where the temperature does not exceed 4° C., 
and plated as soon as possible. 

Where samples are procured from a grading station remote from the 
laboratory, the sample should be stored at — 10° C., or lower until shipped. 

For shipping, the samples should be cooled, placed in a container, and 
packed carefully so as to prevent breakage and retain a low temperature. 
Upon receipt of the samples at the laboratory they should be plated as soon 
as possible and a record of the number of days elapsed between sampling 
and plating should be made. 


PREPARATION OF SAMPLES FOR PLATING 


Place the sample jar containing the butter to be tested in a water bath 
between 40 and 45° C., and shake until the butter is of a thin creamy con- 


1 Under commercial conditions where large numbers of samples must be taken daily, 
it may be impractical to employ a sterile trier for each sample. If a polished trier is 
wiped thoroughly after each sample with tissue paper until the surface is highly polished 
and then plunged into the butter to be sampled at least twice before the sample is taken, 
satisfactory results can be obtained with a single trier. 
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sistency. The time required for the sample to reach a creamy consistency 
should not exceed 15 minutes. Plating must follow immediately. 


TREATMENT OF EQUIPMENT 


Sterilization of glassware and equipment should correspond to Standard 
Methods of Milk Analysis. (1) ‘‘Glassware, except that containing rubber, 
eork or other material that will char at the temperature used, shall be 
sterilized for not less than one hour at a temperature of not less than 
170° C. except when it is known by means of recording thermostats that 
the oven temperatures are uniform under which exceptional conditions 
160° C. may be used for not less than 1} hours.’’ Dilution bottles, media, 
ete., shall be sterilized in the autoclave at 15 pounds (120° C.) for at least 
20 minutes after the pressure reaches 15 pounds. 

Metal triers, spatulas, and spoons should be wrapped in paper (im- 
ported Kraft wrapping paper usually withstands sterilization temperatures 
without charring), or enclosed in metal or glass containers and sterilized 
in the same manner as glassware. 

Wooden tongue depressors serve as satisfactorily as spatulas. They 
may be wrapped in paper or enclosed in a metal or glass container and 
sterilized by autoclaving, or by hot air. 

Equipment such as pipettes, dilution bottles, petri dishes, and water 
used for dilution blanks should correspond to the specifications of Standard 
Methods of Milk Analysis (1). 


PREPARATION OF DILUTIONS 


With a warm 1 ce. pipette, the melted butter should be drawn up into 
the pipette, care being taken to have as little butter as possible on the out- 
side of the pipette. To remove as much butter as possible from the pipette, 
blow hard through the pipette into the dilution blank which has been 
warmed to a temperature of 40 to 45° C. Rinse the pipette by sucking the 
dilution water into the pipette. 


DETERMINATION OF YEASTS AND MOLDS 


Media: 
1. Potato Dextrose Agar. 
2. Bacto Dehydrated Malt Agar. 
3. Bacto Dehydrated Wort Agar, 
or, any medium yielding comparable results. 


Preparation of Potato Dextrose Agar. Boil for 1 hour in 1,000 ce. of 
distilled water 200 grams potato which has been previously peeled and 
sliced. Strain through double thickness of cheesecloth and restore to 
original volume. Add 
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2.0 per cent of commercial dextrose. 
1.5 per cent of agar agar. 


Dissolve in autoclave and sterilize. 


The medium should be sterilized in definite quantities, preferably 100 ce. 

Acidulating the Medium. Adjust the pH of the hot sterile agar to 
3.5 (2) with sterile tartaric acid at a definite concentration (dissolve 10 
grams of U.S. P. tartaric acid in 100 ec. of water) ; then cool the solution 
before pouring. Never heat the agar after the addition of the acid, as 
heating at a pH of 3.5 destroys the jellying properties of the agar. 

The amount of tartaric acid to be used varies according to the buffering 
qualities of the medium. 

Potentiometric methods should be used to determine the amount of acid 
necessary to bring the medium to pH 3.5, but when not available colori- 
metric methods may be substituted, using the indicator, brom phenol blue, 
at which a yellowish green color is obtained at approximately pH 3.5. 

Dilutions. Dilutions suggested for determining the yeast and mold 
content of butter are 1, 0.1, and 0.01 of a ce. Higher dilutions may be 
made if necessary. 

Plating. About 10 ce. of acidulated melted agar cooled to a tempera- 
ture of 40 to 45° C. should be poured into each petri dish after the intro- 
duction of the sample and thoroughly mixed with the sample by a rotary 
motion. 

The plating should be completed before the solidification of the butter 
in the plate, in order that an even distribution of the sample may be 
obtained. 

After the medium has thoroughly hardened, invert the petri dishes and 
place in ineubator. 

Incubation. The plates should be incubated at 21 or 25° C. for 5 
days (4). 

After two or three days the plates should be examined for mold growth 
and, if the molds are developing in large numbers, a count should be made 
at this time and a recount made on the fifth day. 

Counting. Count the number of mold and yeast colonies without the 
aid of a counting lens. 

Reporting Results. The number of yeast and mold colonies per cubic 
centimeter should be reported together as a total count. The medium used 
should also be recorded and the temperature used for incubation. 

Johns, C. K. (7), has developed a modification of the Frost Little Plate 
Method for determining the yeast and mold count of butter. This technic 
was given in the first report (8) of the Committee on the Microbiological 
Analysis of Butter. 
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TOTAL BACTERIAL COUNT 


Medium. The following medium is suggested for the determination of 
the bacterial count in butter: 

1. Beef Infusion Agar plus 1 per cent lactose pH 6.6—6.8 made 
with fresh beef or Bacto beef. 

Recent unpublished results by White (11) show that of the media 
studied highest counts were obtained on beef infusion agar prepared from 
fresh beef or Bacto beef. 

A. For the preparation of beef infusion agar the following directions 
are given on the basis of one liter. 


Solution A: 

1. Infuse one pound of lean chopped beef in 500 ee. of distilled water 
and hold overnight at from 0 to 10° C. 

2. Secure the infusion by squeezing through a cloth or pressing (the 
following rapid procedure is suggested: pour off the free juice and 
heat the meat and remaining juice until hemoglobin is destroyed, 
filter or strain, add the juice to first portion) ; if less than 500 ce. 
is obtained, make up to this volume with distilled water. 

3. Warm to 50° C. 


Solution B: 
1. Dissolve 15 grams of agar and 5 grams of peptone (the peptone may 
be dissolved in Solution A, if preferred) in 500 ce. of distilled water. 
Make up the water lost by boiling and cool to 50° C. 


Mix the two solutions. Adjust the pH to 6.8 to 7.0, using either a 
colorimetric (bromthymol blue) or an electrometrie procedure. (Material 
for pH determinations can be secured by heating a small amount of the 
medium to coagulate the protein and then filtering or pipetting off the 
clear liquid.) Distribute the agar in flasks (one liter in a two-liter flask 
is satisfactory), autoclave at 15 pounds for 45 minutes and filter, tube, 
sterilize or stock without filtering. 

Dilutions and Plating. Where the character of the butter is not known 
dilutions of 1: 100, 1: 1,000, 1: 10,000, and 1: 100,000 are suggested. Where 
the character of the butter is known, the number of dilutions may be 
reduced, but in no ease should less than two dilutions be made for each 
sample. 

Dilution bottles similar to the types that are recommended for milk 
analysis should be used. The dilution water should be at 40 to 45° C. 
and in dilutions of 1: 100 the medium should be poured before the butter 
congeals, so as to obtain an even distribution of the sample throughout the 
medium within the plate. 
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Incubation. Four to five days at 21 to 25° C. plus 2 days at 37° C. 

Counting. The same procedure as in counting milk plates should be 
followed, using those plates that contain from 30 to 300 colonies. All 
colonies on such plates should be counted. Exceptions should be made 
only in those cases where the lowest dilution plated contains less than 30 
colonies and where the highest dilution contains more than 300 colonies. 

Expression of Results. The results as to the number of colonies per 
cubic centimeter of butter should be expressed as the total count. The 
medium used and the temperature of incubation should be reported. 


PROTEIN DIGESTING BACTERIA 


There are two methods suggested for the determination of protein di- 
gesting bacteria in butter. They are: 

1. By picking colonies from the plates that have been used to determine 
the total number of bacteria in butter and inoculating these colonies into 
tubes of sterile skimmilk containing either brom-cresol-purple or litmus. 

Preparation of Brom-cresol-purple Indicator Solution. One gram of 
dibromo orthocresolsulfonphthalein should be ground fine in a glass mortar 
and 28 ee. of N/10 sodium hydroxide added and the mixture stirred well, 
the mixture then diluted to about 180 ce. with distilled water, shaken until 
the solution is complete and then made up to 200 cc. with distilled water. 
A satisfactory concentration for the coloring of milk is about 0.005 per cent 
and is obtained by adding 10 ce. of the above solution per liter of milk, 
imparting to the milk a deep glaucous gray color (5). 

All the colonies should be picked from a plate or contiguous colonies 
from a given sector of a plate. 

Ineubation of tubes should be at least for 5 days at 21° C. 

Expression of Results. Results are to be expressed as the proportion of 
the colonies picked that show proteolysis in milk. 

2. By using a medium that contains casein and noting the proteolysis 
as it occurs on the plate. 

The following media are suggested: 

A. Beef Infusion Agar plus milk: 

Add to each plate 0.5 ce. of sterile skimmilk at the time of pouring. 
More milk may be added if desired but with 0.5 ec. per plate the proteolytic 
types stand out very clearly. 

B. Frazier and Rupp Casein Agar: (9) 

Preparation of Frazier and Rupp Casein Agar. Soak 3.5 grams of casein 
(according to Hammersten) for 15 minutes in 150 ce. of distilled water, then 
add 72 ce. of saturated lime water. Shake the mixture until almost dis- 
solved, add 0.35 grams of potassium citrate, and continue shaking till casein 
is dissolved. Then add 10 ce. of double strength beef infusion and make up 
to 300 ce. with distilled water. To this solution are added 100 ce. of a 0.15 
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per cent calcium chloride solution and 100 cc. of a phosphate solution which 
contains 0.105 per cent Sorensen’s phosphate (Na,HPO,:-2H,0) and 0.035 
per cent KH,PO, and which has a pH value of 7.4. The resulting 500 ce. of 
casein solution is divided into 50 ec. portions in 200 ec. flasks and autoclaved 
at 20 pounds pressure for 15 minutes. The resulting pH value should be 
7.0. Likewise, 50 ce. portions of 3 per cent washed agar are sterilized in 
separate flasks. When the medium is to be used the casein and the agar 
solution are heated and while hot the agar poured into the flask of casein 
solution and thoroughly mixed. Plates are then poured with the milky 
solution which results. 

After incubation, flood the plates with dilute acid (1 part concentrated 
hydrochloric acid to 10 parts of water). If clearing remains, it denotes true 
hydrolysis of the casein, if not, it is a weak acid clearing. 

Incubation. Four to five days at 21 to 25° C. 

Expression of Results. The number of proteolytic colonies per cubic 
centimeter of butter should be reported with a record of the medium and 
procedure used. 


DETECTION OF LIPOLYTIC ORGANISMS 


A procedure for the detection of fat: hydrolysis by bacteria has been de- 
scribed by Turner (12). Hussong (13) has studied this procedure and 
recommends as follows: 

The emulsion of fat is most easily made by using 0.5 per cent plain agar 
to which has been added 2-4 per cent of butterfat or olive oil (100 ce. quan- 
tities). The agar is allowed to solidify after sterilization and the mixture 
then warmed sufficiently to melt the particular fat being used. Emulsify 
by shaking vigorously. 

Nile-blue sulfate is used in one of the following ways: 

(1) Add 0.5-1.0 ee. of a 0.1 per cent sterile aqueous solution directly to 
each petri dish before the nutrient agar is added. 

(2) Add the dye to the nutrient agar before sterilization. 

The above medium may be used for direct plating or for smearing on 
the surface to determine if the organisms are lipolytic. 

If pouring a number of plates it is more convenient to add the nile-blue 
sulfate to 100 ce. lots of infusion agar than to test tubes. The sterile fat 
emulsion is added to the agar just prior to pouring. 

Lipolytic bacteria turn the fat globules beneath and around the colony 
blue. Nile-blue pink (an impurity which is present in nile-blue sulfate) 
causes the unhydrolyzed fat globules to appear pink. Some small colonies 
and parts of large colonies may absorb the dye and become blue and this 
phenomenon should be distinguished from a change in the fat globules them- 
selves. 

Incubation is 3 days at 21-25° C. 
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Expression of Results. Number of colonies per ce. of butter which cause 
a blue coloration of the fat globules. 


A METHOD FOR THE MICROSCOPIC EXAMINATION OF BUTTER 


Hammer and Nelson (6) have developed a method for the microscopic 
examination of butter and the following is taken from their report. 

1. The method of sampling butter is the same as for plate analysis. The 
entire sample of butter, or enough of it to yield 10 ec. of the melted product 
for centrifuging, is put into a beaker so that it can be readily melted and 
mixed. The melting and mixing are carried out by placing the beaker in a 
water bath at a temperature of from 50 to 55° C. and slowly agitating the 
butter, using a thermometer as a stirring rod, until the temperature reaches 
45° C. 

2. Ten ce. of the melted butter at a temperature of 45° C. are trans- 
ferred to a 30 ce. separatory funnel and centrifuged, using a pipette that 
has been warmed by passing it through a flame. The size of the portion 
centrifuged is of no great importance but a standard volume seems advisable 
and one of 10 ec. has some advantages over smaller amounts. These advan- 
tages are, (1) enough serum collects to permit the removal of the serum 
without including any considerable percentage of fat, and (2) the volume 
of serum secured provides ample material for plating in case the micro- 
scopic picture makes this advisable. 

The centrifuging should throw out the serum completely without caus- 
ing a separation in the serum itself. When centrifuging has been done 
properly the fat layer will be clear and the serum layer uniform throughout. 
With a centrifuge in which the stop-cocks of the funnels were 14} inches 
apart with the machine in operation, centrifuging 1 minute at a speed of 
1,000 r.p.m. was found to be entirely satisfactory for the types of butter 
used. Samples of butter of different characters behave differently, and 
some types are easily over-centrifuged so that there is a separation in the 
serum. When this occurs a solid pack of material at the bottom of the fun- 
nel may make it very difficult to start a flow through the stop-cock and, of 
course, it becomes imperative to remove the serum very completely and then 
thoroughly mix it, if a representative portion is to be secured for spreading 
on the slides. In general, centrifuging of butter made from a poor quality 
of cream must be carefully done or there will be a separation in the serum; 
presumably, this is due to the content of particles of casein or some casein 
derivative that readily centrifuges out. With butter made from good 
quality sweet cream the centrifuging can be greatly in excess (either time 
or speed) of that suggested without any undesirable effect. 

3. Immediately after centrifuging, the funnel is removed from the 
centrifuge and the serum drawn off (Fig. 1) ;? unless this is done before 

2 Secured from A. H. Thomas Company, Philadelphia, Pa. 
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Fig. 1. REMOVING THE SERUM FROM THE SEPARATORY FUNNEL. 


the fat begins to congeal, a great deal of difficulty is encountered. The 
serum should be removed very slowly so that the plane between the fat and 
serum is kept as flat as possible. When the serum is drawn off rapidly the 
portion along the wall of the funnel tends to lag and the fat is pulled down 
to the stop-cock when there is still a considerable percentage of the serum 
in the funnel. The serum is removed as completely as possible without 
including objectionable amounts of fat. 

A short test tube makes a very satisfactory container in which to collect 
the serum since portions of the serum can be easily removed from it with a 
Breed pipette. 

4. The collected serum is thoroughly agitated, and portions are removed 
to microscope slides with a Breed pipette. Ordinarily 0.01 ee. of the serum 
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is spread over 1, 4, 8 or 9 sq. cm. If the area is larger than 1 sq. em., 
sterile skimmilk, free from stainable bacterial cells, or water is added with 
a loop to facilitate even distribution. The spreading is conveniently done 
with a transfer needle bent at an angle of 90 degrees. When skimmilk or 
water is to be used it should be put near the 0.01 ec. of serum and 
thoroughly mixed with the serum before an attempt is made to cover the 
desired area. 

The area over which the 0.01 ce. of serum should be spread depends on 
the bacterial content of the butter and the information desired. If a study 
of the morphologic types of organisms present is the main consideration it 
is an advantage to have the organisms rather numerous in each field while 
if an estimation of the number is desired the organisms should not be so 
numerous that counting is difficult. With butter having a very high bac- 
terial content, counting may be facilitated by spreading the 0.01 ce. of 
serum over an area larger than 9 sq. em. 

A card with the desired area laid out in black and surrounded by a 
broad red border is a great aid in the making of spreads that are reasonably 
exact in area and reasonably uniform in thickness. If a portion of the 
background is white the desired results are not so easily secured. 

The slides are rapidly dried on a level surface and are well protected 
from flies and dust. 

5. Both the regular methylene blue stain described in Standard Methods 
of Milk Analysis (1) and Newman’s one-solution technique are satisfactory 
for staining preparations of the serum secured from butter. 

A. The technic as given in Standard Methods of Milk Analysis (1) 
is as follows: 

‘* After drying, the slides are to be dipped in xylol, or any other suitable 
fat solvent, for a sufficient time to remove the fat (at least one minute), 
then drained and again dried. After this, the slides are to be immersed 
in 90 per cent grain or denatured alcohol for one or more minutes, and then 
transferred to methylene blue stain. “Old or unfiltered stains are to be 
avoided as they may contain bacteria and troublesome precipitates.”’ 

The slides may be dipped in the stain just long enough to stain them 
properly or they may be overstained. They are then rinsed in water and 
may be decolorized in alcohol if they are overstained. The methylene blue 
dye used for preparing the stains shall be that certified by the Commission 
on Standardization of Biological Stains. It is recommended that the stain- 
ing solution be prepared by adding 0.3 grams of methylene blue (90 per 
cent dye content) to 30 ce. of 95 per cent ethyl aleohol (denatured alcohol 
is ordinarily suitable for this purpose) and add to this solution 100 ce. of 
distilled water. When properly decolorized the background of the film 
should show a faint blue tint. Poorly stained slides may be decolorized 
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and restained without injury. After drying the slides may be examined 
at once, or they may be preserved indefinitely. 
B. The Newman one solution technic (10). 


Methylene blue powder, certified . 1-1.12 gm. 
Ethyl alcohol, 95 per cent sue OF CC. 
Tetrachlorethane, technical® 40 ec. 
Acetic acid, glacial . 6 ee. 


Add alcohol to the tetrachlorethane in a flask and heat to a temperature 
not to exceed 70° C. (if it is desired to use methy!] alcohol, the temperature 
should not be raised to more than 55-60° C.). Add the combined solution 
to the powdered methylene blue. Shake vigorously until the dye is com- 
pletely dissolved. The original directions state that the glacial acetic acid 
should be added at this point, but Mr. Newman writes that it is better to 
cool the solution before adding acid and that the acid should be added very 
slowly. Further heating of the acid solution should be avoided. Filter 
and keep in a tightly stoppered bottle. 


Directions for Use 


1. When dry, immerse the smear in the solution and withdraw 
immediately. 

2. Drain until dry (30 seconds). 

3. Wash in water. 

4. Dry and observe. 

This solution yields a clear, well stained preparation. The smears 
readily wash off the slide unless they are dried before washing (Step No. 
2). If dried too rapidly the smears present a spongy appearance. If the 
smears are dipped in 70 per cent alcohol, this trouble may be prevented. 

6. The examination of the stained smears under the oil immersion lens 
shows the general morphologic types and the general number of organisms 
present. 

7. The number of organisms per cc. of butter may be estimated by (1) 
determining the average number per field, counting as many fields as seems 
desirable for the purpose in mind; (2) calculating the number per ce. of 
serum from the area over which 0.01 ce. of serum was spread and the diam- 
eter of the microscopic field; and (3) dividing by 9* to change from a basis 
of 1 ee. of serum to a basis of 1 ce. of butter. Steps 2 and 3 may be com- 

8 Obtainable from Eastman Kodak Company, Rochester, N. Y. 

4 With the lots of butter having moisture contents that would be acceptable in a 
well-managed butter plant, the volumes of serum secured from 10 cc. of butter regularly 
equalled 1.1 ce., or approximately one-ninth of the volume of the butter; accordingly, 


the bacterial content per cc. of serum should be divided by nine (10+1.1=9) to get the 
results on a basis of 1 ce. of butter. 
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bined for routine work. The same results can be secured by spreading 0.01 
ec. of serum over 9 sq. em. area. 
Sub-Committee on Microbiological Methods 
of Examining Butter: 
E. H. Parrirt, Chairman 
E. G. Hoop 
B. W. HaMMER 
H. Macy. 
Committee on Bacteriological Methods: 
R. S. Breep, Chairman. 
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THE CHEMICAL ANALYSIS OF BUTTER 


The recognized value of the directions for operating the Babcock test 
and of the specifications for Babcock test glassware promulgated by the 
committee on this method for the American Dairy Science Association 
prompted an extension of this type of activity. The methods are considered 
primarily from the view-point of accuracy and standardization of testing 
procedures within the industry. The work will be of greatest value if those 
concerned with the use of these tests will express their views to the chair- 
men of the various committees so that methods can be adjusted to give most 
general satisfaction. The following report constitutes the second procedure 
recommended through the committees on chemical methods. The method 
is adapted to the complete analysis of butter in the laboratory rather than 
for a rapid churn test. 

The two general methods of making a complete analysis of butter in a 
ereamery are: the procedure of the Association of Official Agricultural 
Chemists (A. O. A. C.), which is used by the Federal Government and State 
Chemists ; and the modified Kohman test, which is simpler of operation and 
which better satisfies the creamerymen. 

At present, only a few butter manufacturing plants are regularly making 
either daily or weekly analyses of butter for milkfat, water, salt, and casein. 
Most creameries make churn tests for water and salt and the milkfat is 
obtained by difference, after making an allowance for casein. The time is 
at hand when all creameries ought to know the complete analysis of their 
butter and a sufficient number of complete analyses should be made to make 
certain that the milkfat content is correct as secured by difference. This 
practice is followed at the present time in the better class of plants. 


THE MODIFIED KOHMAN METHOD OF ANALYZING BUTTER 


So long as the modified Kohman method of analyzing butter is more 
simple of operation than the A. O. A. C. proceedure, it is being given prefer- 
ence for the operator of a creamery. And in order to particularly assist the 
ereameryman, who is a layman in matters pertaining to chemical analysis, 
a complete list of equipment and supplies is hereby given, and a discussion 
of the operation of the test follows. 


Equipment and supplies 


A large spatula and a small spatula. The larger one may be made of 
hardwood, about +, by 4 by 10 inches in dimensions. The smaller one 
should be of thin metal. A pocket knife will suffice. 

A sample jar, in which the butter is thoroughly stirred to a creamy 
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consistency, which may be a pint milk bottle fitted with a number 9 rubber 
stopper. For an alternative method of preparing a butter sample, a pint 
fruit jar that is fitted with a rubber ring may be employed. In this second 
procedure (1) the butter is melted and then it is vigorously shaken during 
the cooling process. 

A metal beaker or dish approximately 2 inches in diameter and 3 inches 
high. A small pair of forceps to handle the weights and to shove the riders 
back and forth on the beams. A larger pair of forceps, for lifting the 
beaker, was unintentionally left out of figure 1. 

A set of weights weighing from 1 mgm. to 100 grams, that costs about 
$5. A torsion balance valued at about $40, which may be kept in a home- 
made cabinet. A tripod with an asbestos mat. An aleohol lamp. A box 
of matches. A supply of gasoline, such as is found in all automobile filling 
stations. A thin metal shelf. A cooling surface such as an old flatiron or 
a smooth building stone, or concrete. 

A roll of tissue. A rubber-tipped glass rod or soft-wood stirrer. A 
supply of silver nitrate. A burette. A bottle of potassium chromate. A 
pipette. A graduated cylinder or a flask. A white cup and a stirring rod 
with a color seale is convenient. 


Operation 

1. Obtain the sample. When sampling from the churn the hardwood 
spatula is satisfactory. The extraneous moisture may be eliminated by 
seraping off the surface of the butter in the churn, over a small area, and 
immediately obtaining a portion of approximately 10 to 15 grams. For 
every-day churn analysis, a sample should be made up of 10 or 12 portions. 
This butter should be placed in a jar that has been dried over a steam pipe 
or in a similar way, for at least several hours. The type of jar will depend 
on the method employed in preparing the sample. When the butter is 
thoroughly mixed by stirring, a pint glass milk bottle properly fitted with 
a rubber stopper*is satisfactory, for the neck is long and sloping. In a milk 
bottle, small portions of butter can not stick in inaccessible places, as is true 
of bottles with square shoulders. 

When the sample is taken from the package and not from the churn, a 
portion should be obtained from each tub or printer box. This should give 
a representative sample of the finished product of a single churning. If the 
sample is obtained during the packing process a portion of soft butter may 
be obtained from each package before it is finished off. When the sample 
is obtained from hard butter, a single trierful taken by boring diagonally 
from the top to the bottom will suffice. About an inch of butter from each 
end of the trier, in this case, should be eliminated. 

2. Balance the metal beaker or dish, placing the metal dise or a watch 
glass over the top. The doors of the cabinet, during weighing, should be at 
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right angles with the case, so that the balances may not be affected by drafts 
of air. 

3. The sample of butter should now be prepared for weighing. When 
the butter is brought to a creamy consistency by stirring, it should be 
warmed in water at a temperature from 100° to 110° F. until the milkfat 
has almost reached the melted stage. In case the test does not have to be 
completed quickly, the butter may be softened at room temperatures. If 
care has been exercised in warming the sample, so that it is not too soft, it 
will not be necessary to cool it during the latter part of the preparation. 
Thus, time may be saved. When a sample of butter is being prepared, it 
should be tightly closed, with the exception of when it is being stirred. 
During the weighing the jar should be made tight as quickly as the butter 
has been taken out. 

A mechanical stirrer is being employed in some large laboratories. One 
of these agitators is a small U-shaped tip on the end of a shank that fits 
a small electric drill. This U tip is about }? inch wide and 1 inch long. It 
is made of strap iron that is approximately 4 inch wide. 

4. By the employment of the large hardwood spatula, place approxi- 
mately 10 grams of butter in the beaker or dish. The small metal spatula 
or pocket knife should be used here, to serape the butter from the large 
one into the dish. The butter should be landed on the bottom of the dish, 
and not smeared over the sides. The toilet tissue is convenient to wipe the 
butter from the spatula, the knife, and other apparatus. 

Time should not be taken to weigh exactly 10 grams of butter into the 
dish, for there will be too much evaporation of moisture before the weight 
is obtained. The metal dise or watch glass should be placed on the dish 
as quickly as the butter is delivered into it. This precaution in weighing 
makes necessary the use of the block of weights that weigh to 0.01 gram. 
In case the butter-maker wishes only a close approximation of the composi- 
tion of his butter, he can save time by weighing out exactly 10 grams of 
butter. Then the percentage moisture can be read directly on the beams of 
the scale. Thus, he is saved the time of computing the percentage. To 
illustrate the obtaining of the amount of butter in the former case, let us 
say that the beaker weighed 25.48 grams, and that the beaker and the but- 
ter amounted to 35.12 grams. The difference is the weight of the butter, 
35.12 — 25.48 = 9.64 grams of butter. 

5. By the use of the large forceps transfer the ¢ ». from the balances 
to the asbestos pad, in case a flame of gas or aleohe’ + used to drive off the 
moisture, or to the hot-plate if electricity is the ".acing medium. During 
the drying process, it is desirable to use an asbestos pad over a flame, for 
otherwise carbon is likely to deposit on the dish and affect the weight. 
The employment of rather low temperatures, such as 275° to 300° F. is 
essential, for at higher temperatures the butter is likely to spatter out of 
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the dish. At this time it is wise to shake the samples sufficiently often to 
completely break up the casein blanket. When this casein surface is not 
properly broken, particles of it will float away later, on the gasoline. This 
causes an error in the analysis. 

6. As quickly as the milkfat has reached a golden-brown color, the dish 
should be placed, with the forceps, on a smooth and clean iron or stone sur- 
face to cool. The forceps should be employed in preference to the hands, 
for the grease or moisture of the hands might change the weight of the dish. 
Iron or stone, which have an extremely high capacity of heat conduction, 
will rapidly cool the beaker and its contents. This cooling will be accom- 
plished in 5 minutes, which is about the same as the time consumed in re- 
ducing the temperature over an electric air-fan or by cooling in cold water. 
When the last method is followed, there is danger of not removing all the 
moisture from the dish, even though it is wiped with a dry cloth. It is 
usually advisable to place a weight on the dish or beaker when it is cooling, 
so that its contact with the iron will be intimate. The cooling iron should 
be free from dust, grease, and the like, in order that the weight of the dish 
will not be affected. 

7. The cooled beaker and its contents weighed 33.63 grams. 35.13 
grams (weight of beaker and butter in step 4) —33.63 grams=1.49 
grams (weight of evaporated moisture). The percentage of moisture is 
1.49 grams x 100 

9.64 

8. Fill the cup to within about } inch from the top with gasoline, and 
thoroughly stir it with either a rubber-tipped glass rod or a softwood 
spatula. The purpese of the gasoline is to dissolve the milkfat. After it 
has stood approximately three minutes, the salt and casein will have settled 
to the bottom. Then the gasoline with its load of milkfat may be carefully 
poured into the drain. The beaker must be handled gently, so that the salt 
and casein will remain at the bottom. If little flakes of casein float on the 
surface of the gasoline, they are an indication that the casein film was not 
properly broken by agitation during the process of the evaporation of the 





= 15.45. 


moisture, as pointed out in step 5. 

9. Again fill the beaker with gasoline and thoroughly stir the mixture. 
After standing another three minutes this gasoline may be poured off. 
Where it is wise to be economical in the use of gasoline, this second washing 
may be saved, to be used in the first extraction in the succeeding analysis. 
At this stage about 2 ec. of gasoline will remain in the beaker. 

10. If an electric hot plate is employed, the beaker or dish with the re- 
maining salt and curd may be dried by placing it immediately on the plate. 
In case the evaporation must be accomplished over a flame of gas or alcohol, 
the remaining gasoline should be largely dried off over a steam pipe or a 
radiator, for gasoline is too inflammable to be placed directly over a flame 
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at this stage of the analysis. The thin metal shelf shown in figure 1, may 
be placed over the steam line for convenience in holding the beaker at this 
period of the process. The completion of the drying process may be accom- 
plished over a low flame when an asbestos pad is employed. The contents 
of the beaker when evaporation is completed, should be largely in the form 
of a dry powder. 

11. Cool the beaker and its contents and then weigh. The calculation of 
the amount of milkfat is done as follows: 33.63 grams (weight before milk- 
fat was extracted) —26.19 grams (weight after milkfat was extracted) 
= 7.84 grams of milkfat. 

7.84 grams x 100 
9.64 grams (weight of butter) 


aeeek J 
WU | 


The percentage of milkfat is 





81.32. 








——_—_———_———— 





Fig. 2. Tue Troy Sart Test 


12. In preparation for determining the amount of salt, transfer all of 
the contents of the beaker to the 300 ce. flask, in case of the Troy salt test, 
or a 250 ee. flask if the Nafis salt test is employed. This transfer may be 
accomplished by filling the beaker approximately three-fourths full of luke- 
warm water and stirring the mixture with a rubber-tipped glass rod or a 
softwood spatula. Then after pouring the contents of the beaker into the 
flask, the procedure should be repeated until all of the salt and curd have 
been transferred to the flask. Now the flask should be filled to the 300 ce. 
or 250 ce. mark with warm water. 

13. Shake the flask sufficiently long for the salt to be uniformly dis- 
tributed throughout the solution. Now measure out 17.6 cc. of the salt 
solution when the Troy salt test is being used, or 25 ec. if the Nafis test is 
being employed; and put it into a white cup for titration. 

14. After putting 2 or 3 drops of indicator (potassium chromate) into 
the salt solution in the white cup, titrate into it the silver nitrate from the 
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burette to a brownish-red color. In the Troy salt test the silver nitrate is 
a tenth normal solution, and in the Nafis salt test it is a special strength 
but in both cases the dilutions are caleulated so that the cubic centimeters 
of silver nitrate used is equal to the percentage of salt. In this analysis it 
was 2.5 per cent. 

15. The following procedure is followed in calculating the percentage 
of curd. The sum of the moisture, 15.45 per cent, milkfat 81.32 per cent, 
and salt 2.5 per cent, is 99.37 per cent. 100 per cent — 99.37 per cent = 0.63 
per cent curd. 
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ANNUAL MEETING 
JUNE 26-29, 1933, ar THE UNIVERSITY oF ILLINOIS, URBANA 


The program committee in its statement of March 21 emphasized that 
Urbana is only 126 miles from Chicago by rail and 138 miles by good auto 
road. The meeting of the Association and Century of Progress Exposi- 
tion in Chicago can be combined as a vacation trip. 

Members are urged to bring their families and events are being arranged 
for the ladies and children. Rooms with running water in dormitories will 
average $2.25 per person for the three days while the rates at hotels in 
Champaign and Urbana are $1.50 and up per person per day. Headquar- 
ters during the meeting will be Newman Hall, corner of Armory and Sixth 
Streets, in Champaign. 

If reservations have not been made communicate at once with H. A. 
Ruehe, Department of Dairy Husbandry, Urbana, Illinois, giving number 
in party and number of women and children, dormitory or hotel prefer- 
ence, and date of arrival and departure. 

Papers, except by special invitation, will be limited to members but, in 
accordance with past custom, the meeting will be open to all who are inter- 
ested in attending. 

Meeting of Southern Division 


The Southern Division held its annual meeting on Feb. 1 and 2 in New 
Orleans. Chairman R. B. Becker, of Florida, presided. Papers were pre- 
sented by A. J. Glover, of Wisconsin, on dairying in agriculture; by J. R. 
La Master and E. C. Elting, of South Carolina, by A. H. Kuhlman and E. 
Weaver, of Oklahoma, and by J. L. Fletcher and R. H. Lush, of Louisiana, 
on various aspects of pasture problems; by J. S. Moore, of Mississippi, on 
dairy rations; by O. C. Copeland, of Texas, and F. R. Edwards, of Georgia, 
on sorghum and corn silage; by R. B. Becker, of Florida, on preparation 
for service; by C. H. Staples, of Louisiana, on use of college herds; by 
W. H. Eaton, of Alabama, on rations; by E. W. Neasham and A. J. Gelpi 
on Louisiana dairy manufacturing problems; by J. I. Keith, E. Fouts, and 
C. W. Rink, of Oklahoma, on new methods of manufacturing cheddar 
cheese ; by A. D. Burke, of Alabama, on chocolate ice cream; and by F. W. 
Bennett, of Georgia, on contamination of equipment during manufacture 
of butter. 

The ballot by mail resulted in the election of A. D. Burke, of Alabama, 
as chairman, R. H. Lush, of Louisiana, as vice-chairman, and E. C. Elting, 
of South Carolina, as secretary. 
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In commenting upon dairy conditions in the south, R. B. Becker stated 
in part: 

‘*Trends in the southern dairy industry show that from 1926 to 1932, 
production of butter increased 39.2 per cent; cheese increased 3726.9 per 
cent; condensed and evaporated milks 434.1 per cent; and powdered milk 
products 1268.3 per cent. On the other hand, factory production of ice 
eream decreased 22.1 per cent; condensed buttermilk 37.9 per cent; and 
renovated butter 11.1 per cent, thanks to work on the care of milk and 
ecream.—On January 1, 1927, we numbered 74 workers in the field of dairy- 
ing—increased to 92 at the beginning of the current year—The physical 
facilities include new dairy manufacturing class rooms and laboratories at 
Alabama, Kentucky, Louisiana, Oklahoma and Virginia; with major im- 
provements of existing facilities at Arkansas, Georgia, Mississippi, South 
Carolina, Texas and West Virginia. New barns, silos, or additional hous- 
ing space for dairy cattle have been provided at Alabama, Arkansas, 
Florida, Louisiana, Mississippi, the Carolinas, Oklahoma, Texas and West 
Virginia.”’ 


Dairy Congress in Italy 


Word has been received from Dr. H. H. Boysen of the Dairy Institute 
near Berlin that the next International Dairy Congress that was to have 
been held in Berlin in 1934 is to be held at Rome, Italy, in 1934. German 
dairy workers hope that conditions in Germany will be sufficiently adjusted 
to permit holding the Dairy Congress in Berlin in 1937. 

The Congress of the International Society of Microbiology that was to 
be held at the Robert Koch Institute in Berlin this summer has been post- 
poned and plans are being made to hold this Congress in Berlin during 
June or July of 1934. 





CLARENCE HENRY ECKLES 

The death of Doctor Clarence Henry Eckles was a notable loss to the 
dairy industry. He served the industry by investigations in both dairy 
cattle and dairy manufacturing problems of a practical and of a strictly 
scientific aspect. He was preeminent in the development of men to serve 
in all branches of the dairy industry with ability which was a credit to 
their teacher. He recognized the need for and was a pioneer in the devel- 
opment of science which furnished facts to assist in rounding out our dairy 
and scientific knowledge that the solution of new problems might be visuali- 
ized. 

Clarence Henry Eckles was born on a farm in Iowa on April 14, 1875. 
He died in St. Paul, Minnesota, on February 13, 1933. He was graduated 
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from Iowa State College in 1895 and later studied at the University of 
Wisconsin, and at the Massachusetts Agricultural College. From 1901 to 
1919 he was head of the dairy department at the University of Missouri 
and from 1919 he was head of the dairy department at the University of 
Minnesota. In 1904 and 1905 he studied in Germany and Switzerland, his 
specialty being bacteriology. 

The American Dairy Science Association and its publication the Jour- 
NAL OF Dairy Scrence are deeply indebted to him for its development. 
He was charter member of the former official Dairy Instructors’ Association 
which developed in its scope and objects and became the American Dairy 
Seience Association. He served as its president and in innumerable less 
conspicuous capacities. He was active in promoting the JouRNAL or Dairy 
ScrENCE and as a member of the board of associate editors his counsel 
helped to formulate present JOURNAL policies. 

A more comprehensive tribute to him will be found elsewhere in this 
number. 
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How This 





HAS ENABLED 


SCORES OF CREAMERIES 


TO KEEP MAKING PROFITS 


ECAUSE the C P Model H Churn repre- 

sents not merely a set of refinements but a 
successful new principle of churn design, it has 
upset several widely held notions of churn oper- 
ation—and to all intents and purposes has es- 
tablished itself as a new standard method of 
butter making in America. 
Fat losses of 0.3 to 0.5 per cent or more, for- 
merly left operators quite complacent. Today 
this figure is being held down to .o5 to .o8 
(Babcock), resulting in annual savings of sev- 
eral tons more butter per year per churn. 
This is due to a high drop and heavy concus- 
sion, 2 to 3 degrees colder churning, and im- 
provements in the drum. 
Shrinkage in storage is reduced: Only a few 
ounces extra per 63-lb. tub (2 to 3, some owners 
say) insures printing out full 100% after storage. 
To account for this we have only to see how 
thoroughly and uniformly moisture and salt are 
incorporated. Salt pin points rarely form. You 


don’t see drops on the trier. Composition ceases 
to be a problem; any good butter maker can 
hold moisture readings where he wants them. 

Dry, waxy body is easier to obtain as a result 
of colder, faster working with two improved 
rolls. 

Its Low Costs Much Needed Today 

the Model H has an 
other 


From the cost-side, 
equally 


churns. Greatly improved construction, includ- 


conspicuous advantage over 


ing Timken bearings, alloy steel gears, en- 
closed-in-oil design, positive lubrication, mas- 
sive castings, etc., cut down all factors of oper- 
ating, maintenance and depreciation costs. 
May we send you further facts? Write: Cream- 
ery Package Mfg. Company, 1244 W. Washing- 
ton Blvd., Chicago, Illinois. 


MODEL H }? CHURNS 
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. no substitute for brains 
... for courage .. . for char- 
acter ... for faith ... or for 
the great commandments. 
These things endure through 


the ages. 
Nor does anything take the 
place of gold . . . of diamonds 


... of sterling . . . of quality. 
And equally certain, there is 
no substitute for 


GENUINE 


VEGETABLE 
PARCHMENT 


in dairy products plants. It 
is the purest, the safest, the 
only practical dairy food pro- 
tection paper made in all the 
world. 

Protect your quality. It is 
your greatest asset. It is safe 
when you use KVP Genuine 
Vegetable Parchment for 
your dairy products. 


Kalamazoo Vegetable Parchment Company 
Parchment (Kalamazoo County) Michigan 


KVP, 











Has EXTRA SPEED in 
KILLING BACTERIA 


= of the short time of exposure in 
actual use, the efficiency of a hypochlorite 
sterilizing rinse depends upon rapid germi- 
cidal action. This action depends upon 
the quick release of the hypochlorous acid 
present. 

Dilutions of high alkaline hypochlorite do 
| not readily release the hypochlorous acid 
| present and are slow acting. 
| B-K has been developed so that when used 
| with water for rinsing, practically all the 

available chlorine present is quickly released 

in the form of hypochlorous acid and the 
germicidal action is almost instantaneous. 


The New B-K POWDER 


—is the result of over 10 years of extensive 
research and laboratory tests. It contains 
30% available chlorine and can be used 
either to make a stock solution or added di- 
rect to rinse water. B-K POWDER carries 
the same guarantee for stability and quick- 
acting germ-killing power as B-K Liquid. 





For Quantity Discounts and Interesting 
New Free Book ‘‘ Better Dairy Products’’ 
write to— 


General Laboratories, Inc. 
529 Dickinson St. Madison, Wis. 
| 
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— for Assurance in 
Cest and Control 


In his test, control and research work, the dairy 
chemist can tolerate no flaws nor error in his 
laboratory glassware. Assured accuracy and 
uniformity of results ore of first importance. 
For this reason, Kimble Dairy Glassware is the 
first choice of the nation's leading creameries 
and dairy products plants. 

Kimble Dairy Glassware is made in the 
largest and finest plant of its kind in the world. 
It is calibrated by experts and is lined and 
numbered by automatic machines of unerring 
precision. It is acid-etched for greater reada- 
bility, and all lines and numerals filled with a 
durable bive glass enamel, fused-in as part of 
the gl e. It is retested to guard against 
errors, and retempered to remove strains and 
weak-spots. 

Standardize on Kimble Glassware—rely on 
it absolutely—as 


“AMERICA'S STANDARD FOR ASSURANCE” 





“ “ “ 


Stocked by leading Dairy Supply Houses 
throughout the United States and Canada. 


KIMBLE cu: co. 


VINELAND, 


New York, wot 
Boston, Chicago, Detroit 





| 


| 





MARSCHALL’S 


for dependable help 
in the cheese vat 


RENNET EXTRACT 
RENNET POWDER 
CHEESE COLOR 
D-S-D Disinfectant 


Samples and detailed information 
gladly furnished 


Marschall Dairy 
Laboratory 




















Back Numbers 
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Complete sets of 
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also many individ- 
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~ Results Count 


While many factors enter into the purchase © 
of cleaning materials for dairy use, the most 
important thing of all is the final result. 

These are the results which follow from the 


use of Wyandotte Cleaner and Cleanser: 


1. Cleaner, more sanitary conditions. 

2. Longer life for equipment. 

3. Important savings in time end money. 
4. Better dairy products. 


The use of Wyandotte in dairy cleaning in- 
sures sanitary cleanliness with minimum effort 
and expense. 


* Wyandotte C. A. S., (Cream Acidity 
Standardizer), reduces cream - acidity 
quickly, giving more efficient pasteuriza- 
tion which results in: 

. Improved keeping qualities. 
Better texture. 

. Eliminating neutralized flavors. 
Less curd formation which saves 
butterfat. 

. Smoother consistency of cream. 4 


Order from your Supply Man 
~ or write for detailed 





THE. J. B. FORD COMPANY 
v/ . Wyandotte, Michigan 








BACTO-TOMATO JUICE AGAR 
This new medium for the propagation of Lact. acidophilus permits the development. of 


large and distinct colonies. 


Tt is an excellent substrate for quantitative plate counts. The 


dehydrated medium is easily prepared for use in the laboratory. Its final reaction is pH 6.1. 
The formula is that of Kulp. (Science, 1932, V. 76, p. 17). 


BACTO-NUTRIENT AGAR 


This medium conforms to all the requirements of tlie ‘‘Standard Methods’’ formula. It 
is recommended for making routine plate counts of milk and other dairy products. When it is 
made up for use im the laboratory neither filtration of the solution, nor adjustment of the 


reaction are required. 





Specify “Difco” 
THE TRADE NAMB OF THE PIONEERS 
In the research and development of Bacto-Peptone and Dehydrated Culture Media 


Dirco LABORATORIES 
DETROIT, MICHIGAN, U. 8S. A. 
Bacteriological Division of Digestive Ferments Co. 
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